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I . . AUTHQRITYAND SCOPE 

This work was authorize.d by Contract N62477-S0-C-0441 
between the Chesapeake Division, Naval Facilities 
Engine,ering, Command (CHESDIV), and Booker Associates, 
Inc~ '. . 

'l'hisp:roject very g~nerallyc'onsists of.providirigA&E 
services,f()r theeval uation ofthe.disposa3; of·prgpel1ant 
andexplosive'relatedwas:cegeneratedat the Na'vaJ: ',' .,' 

. Ordnance Station .' (.NOS},IndianHe·ad,:Maj:-Yland,w~i th, ' 
. particular .attention ... tothe··.'fI,l11 •• · •. scale.·deInonstrat'ion 
Propellant Disposal Facility fPDF).Thefinalrepbrt 
includes recommendations, .based on economic analyses, for 
the NOS. to meet its existing and futUre, propellant and 
explosive material di$.posaLrequirements.· 

The project included field visits, by the A&E to obtain 
informa,tion, necessary to performtheengine~ring 
arial~sis, a preliminarY draft report.with briefingj a 
final report after incorporation, of review comments, and 
a final briefing.· . 
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IT. BA:CKGROUNDANDHISTORY 

Tfue,. Propella.pt Disp.osal Facilii1:yatthe·Na'val·.Ordnance 
Sta, tion,Indianae~adi .. Maryland'wa'sdefsIgn\30' an(j 
cons:t ru ctea;:to.derno'nstrate two,al,ternatlvetec,hniqu e s for 
the·disposal oiscra.p,; .ex~essfreject·,and bver,...age· solid 
propellants. Traditionally, tfies'e'im.atertalshave been 
destroyed by open":'air burnin~,.whichgeneratessmo]{e, 
gart.idtl·la;t·es{and:qrea'tes'envtron~entalqQncerns 'fbr 
g.as·e'ol.ls fem is s·i(>n's ,ground,. andgro uriawa~er . 
;co htami nat:io r,t' •. , . .. . 

T.he:>C];e'an.AirA(.tt-of.1970 g samendeQ>irnplfed'the 
:pr,p.hib ition; oifopen'air· :bupnirig 'of eX' pl.Qsive sc!"nd 
Propellants. PaSg1ag:e oif:i?ub;li'.cnaw94~S86;Kknownas the 
Reso~rce.conservation arid Recovery Act. fR.CRA.) Instig,ated 

. the: .. pr¢llIulg:ation;of .. the Hai;ardQus·.Waste',Regulat'i6hs. 
Tnit,ia;Jr;d~ra;fts' oft-he'se: reguL3·tIonsbann,edall open' 
burn,ing. This:Creat'edseVe.rei problemsfor'theOepartment 
of, D,e~fenis'e" (DOD~). '., " .. 

A Joint 'servdces panel, JCAp (J'ointConventiohal 
. Ammunition Panel )provi<led reviewof>theEPA'draftand 
provided official DOD comment. ':tn1978the'EPA' 
contracted with the Am~rican Defense prepq,rdness 
A'ssocia.tioh to study the s:t;ate'of the' aBt.· ll'l;tnuniti:ons 
d'emi!! t.ari2!ation.· "One conclusion wasthatuhttl other 
means exist opeh airburriiI'lg was a "simple and· CosE '. . 
effecti ve,meth6d of<disp6sal,. ····The ',lcAPpaneI~l1timately 
recommend'ed1tnat· EpA allowopenbur:nihg 6fp,t"ope11ant: and 

·,.Explos ive CI?EP )'matet·ial swhere.developed·· alt'ernattves 
did .no.texist.'I'hisre·commendation :was in'cor-porated in 
the final regulatiens;a.sAO CFR'265.38e.~Thestate of 
Maryland Air Regulation 10.18.04B (3) similarlyperl1lits 
ope:n Ol1':t:"m.i:ng of PEP material'unde·rcertainconditions. 

, - , 

N0Shash:E:ficially reques ted.· concurrence "bybothEPA and 
the state of Maryland as to b'hls, in.terr>retatidnof the· 
regulations as they apPly to Indian Head PEP materials. 
Both agenc];esagree,: and ,a t,therecommendatiol1ofthe 
EPA, NOS.chas.r:eqt;lested writtehperrtd:ss.i\Otlof the; Charles 
County Health Depar:tment(serving as,publid Officer) to 
open burn waste rttuni ti.on5. NO' written permissi.on has 
,been.iecei'ved to.:datefr'orn>Cl1 at'J:esGdunty •. NOS·>does,. 
however,operatieUnder·permib)No. A223 (Des igna~ed' 
Hazardous SUbstances Facility Permit); issued by the State 
of Maryland through 'April 29, 1985. However, the 
continuing pressure to' eliminate air pOl1o..tionhas led to 
·the feelihg that anyexemptionW0uld,not continue 
indefinitely, and. from the start has given imp.etus to 
pla~ning~for e~entual~elimiriatiofi of open~airburning 
entirely. 
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In Fall . 197'0'N:J\,V()~PSX9FqN,,;funq~~' a S"tudyof al ternate 
disposal systems in an attempt to.select a ,precess that 
would provide for pollution-free dispbsalqfthesewa'ste 
IIlateF.ials:'e",.The .. possi.bAli,t;YOf';recl~:bnin.gi:wastes·.an'G70r 
pr()p~Jl,aflt: ,in9·redi,~nt~')be fQ:re'i orr,can:t er., :tre'atment', was al so 
cOJ1$;i,d~~ed",i:>q~:a:mar,ket, wa,snever, oevelQpeci'. ' .... '1'he' . 
P1:.'qpella~nt :PispOflCil,Fa,c~,14J~Y, . (PDF),wa:s,the',endresul t of 
these., :ini,tial.,st.uc:I~e$;." ; i' , '.' ' 

·~~~ •• @h;~~i~,;~~~~;d~~j~.~f;~~~i:~M~~~;i!·~~~~~.~.~~~tg~:d ... in· 
projects. "Phasel (,orInc1:'ernentI.)has,pe,e,n';copstr,llcted 
putnotopera,ti,Qnally ,tested •••. Phase IL(Or!nqrement: II) 

, ispar,t.i,(i,lly:,oon.:strUe;teg.;;;:,'l'hes€!/ f Lt:s.t.'1;:Wo\!?haf;;es·even if 
oP~1:',at iona,;~~.;'fould;be;:Q9-Ra~re'Q'fdispo sin.g,Q:f:,ohly::a 
·P.o·~'·~.t9n~:·'·q~·~;:· :tp'ei.,· ;:,to:;.~~l· :~~vla~:~5t,e~;- ·g,.~n·~~~:a~e.a~,.<; ' .. , t- :',< -

Ttle,'fi.ts~>~hase,'MlLCQl\l <project,p-879, coos. t,l' ucted for 
d:Lip9 st'og;pf .. 'Ep).:ngile ; 'and:', do,qble7" 1::>a\sei propel1ant;\wa.st;e sin' 
a.s~{e;.manrier',:wl'lileJneet.ing{;appld·cabJ.esolid,:waster water 
and, air pollution regulations andl,a,ws, .... uti1izesiw.e't air 
oxidation (WAO ). When ope.rational, .theeac11 ity"is 
intenOedt:o.be,caP.ahle ofprocessinglO"OQO The/daY' on 

_three shifts, •. ·Constxuc.~ion .. wa'sbegun .in: 1975i ahd, ' 
subst,antially;c.ornplete.d •. \it);,1977., . 

The .. I?~poJ1d·;phase, Mt'LCON"prOjectP~947, consists, c.t. a 
fluidizedb,edin,cine.r,a·to:r".:c;{F}H,}for.disPQsin.g'ofwaste 
composite prqpel.1 a,n t:Jorf(lui ations. . The se.propel1 an t S 

.. contain.q.ll,lmiI1tlm, arnrnoni:a,per;:ch,!orate,> HMl{,.·.·,. 
nit1r:Q9:uaniod.ine·" .Plastics;.,·etq~, .... ·wt,leh .• :Qperad:ional,.· .. :the. 
facility .isi,nteQQeil.:to,:p.e·,.qapable .of·:prqcessing:.;20, 000 
Ibs/day., on:ethreeshLft,s •. ···Constr'llctionwas: beguriiIl' 1977 
aQd,w,as >hal tedprior.to CQmpletioh .. :· 

: .. , i·~~ 

Addtt&onaiMILc0N .. ·.phases.<have·beertproposed'by the,' 
NOSwhichwould'enablethe fihished .facilitytd dispose 
of.aO(!:!ci'tiol1aL'ptopellant:'wastes:'rlowopen .... 15Urned' 011 . 
sta,t i';on. 'rh'e se ·prbjec.ts.includ.e:: 

P-003 
. p;';'Ol3: 

p-Ol4;· 

Propelliiint .01 sposal.Sawing FacilitYJ· 
Contaminacted·Waste . Flashing Furn'ace ; .. 
Py,"l;otechni(:s Disp()sal . .I<iln •. " . 

).nLadd.ttion" -srnal! hon:"-MILCONproj,ect~.~have.also been 
Pt"9Po.sed to·corre9t,'de.ficiencies.in>.the'qriginaldesigns 
of,th$ fir.st>,twophasesj; - . . 

,- :?. .. • 

As:probleIJlSdeveloped.<with initial' testing 0f Phase I 
-----suP-sys'ffernsc~"-:~-~na:c:<fue'st:±onEf·~reg:araFhg-c;the ItJhH thcod ·,tha t 

Phase II cornponentswouldperform.satisfactorilywith 
live propellants; it was' decided to haltdevelopment and 
construction of both ~hases pendingfurthar studies. 
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The basic objective of this project included performance 
of astlldy to ~nclude a complete review of the facility 
as designed and constructed to determine how it might ,be 
modified to be usable. An evSn moreba~ic purpose was to 
determine a valid and reasonable approach for ultimate 
disposal of,all propellant and reiated waste. 
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III. ExeCUTIVE SUMMARY OF REStJTI'i'S 
'cc/~s I:rt1J,·~"1 .. '4v~ 

>Th(fQIJ,owing,il:3.ahrief summp,lI.:Y of ehe resul'ts of' studies 
adQres:;;ing., tbe specific " areas which werre investigated. 
". , • - • ',' , '~>' '" '" .' -

The;G4rren~ conv.eying ,s~stemwiJ,inot:Wqrk'a~ presently. . 
conf fgu.red •. aQdwPu~d,r.equi,r:esubl;ltantia;l,'mod ificatioot6 .... 
replace;cer.taa,nof:th.e\elementsw.idt thoseof<:lifferefitdesfgn 
tQf?rOGhl,C~ ,.,afqnct:iqn~l~Yl:ltem.... Suggestedtmodif teat i6I1S"would' 
in,vplver.E!Bl:acement,<and/Qr .'r,"econfig,uration ~of .. vibrating' 
conveyors'.\'!hicl1ar,eint:end,ed.toCOriv~y,propel]artt, uphillwhfte' 

,un~ler a, w,ate:r;s pray ~ sev'er;al ccmveybr swo uldhe>'c h~ifgced:;tro . ~ 
hQpizODta.l ,configuration and. ot'hers·wduld'Oerep;lcie~dbY' 
ent~relydifferent kindl;l. One dption, was e(}"~lq4tedwhi¢hw9Uld 
make'q$eof a 'type .' of grinder used: elsewhere forexpJ,osi.ves 
grinding. The. p~oPQsed ,change$.wou'lid .. ,oD"CQUrS'e, . require 
adc;l:L~ional detailed. desi'gn,.ano'Feplacementconv.eYorsancl '.' 
;91;Jnd~Jr,s. woucld ]:;\~qu~J::'e,an extensh7esafety analysis'pri()rto 
,p<4;qhaSe. ;I~i' d.j;.f1;e,renttypesofcoQveyingor: lif'tingequipII\ent 
were jqdgeo nqtacc.eptableby detailed analysis ,.the ,ohly 
alt'ernati ve wOIJ·ldbe .. coIIJP1,ete; reconfigurattonor replacemento.f 
Building 1569 ,to en.ablec.onveying by gravity in conjunction 
~,ith,vib:t~t.i):lg conveyors. ·To modify the current conveyiiig'" 
system to producea.work;in9 ,system does not, ,however, a.pp~ar to 
beinsurmou'ntable .. :i;r;. t:heconsiderablee·ffort and expense 'could 
be:just~fied.byotllerd'eCisions regardingtne WAO or: FBI .. I'n 
othe,rwor;.ds ,.theredoesn<;>t appeat' .. tobea Signifi'cant 
technolog,ygelp. if the expense could ,be.justified.. . 

. ,: '. 
, . 

The slurry weighing,h,olding, and feed systems are judged to be 
basJca.lly functional, al though since the.se systems helve not .... 
beeptested"wi,t.hpropell.a'ot, unanti;dipattedmodifications'colild 
stilL bereql.,lired.On.ea.rea ofconc'etnisthecentri;fug'al 
pumps. wh.£Cl1"rnaYo:r;lnay ,po·t' be.suitable fo'rpumpiI1g" explQs iVe 
slurries. Al though,w;eundetstandNOShaSsuccessfullyu:sed 
centrifugalpl.lmps'fOr similar apw1icat'ionsiI1,thepast .wefeel . 
addithmaJ,;fnv.es~tigatiQn would c be justified,. ···Itis·also known, 
as)1:"~~eaieq lnfu·r.n,isheg ,d,ata"tbatthepumpswhichfeedslurry 

·to the high pressure WAO pumps develop insufficient suctiOn' 
head for the high pressure pumps under certain conditions. 
Ag,ain, mod,ificationsto produce a working· system donat·seem 
in'sur,mountahle from a.technic;alstandpoint .. " 

-". " - .' '. ,-

.. 'l'l1e,wet Air b}tJdation System (WAO) and its ancillary equfpm'ent 
, hav;.~,ger.ta,in d~fi.ciencie;s which must be corrected prior to 
oper,ating.wi thp1:"opella,nt • The most important .. shortcomingis, 
we beli.eve, scarci,ty of .controls andin;strt1mentation which 
are needed to enable a remote operator 'to prevent either bed " 
dry-out or slurry carry-over as a result ·df·process upsets. 
Be~ause of minimal controls and informational data, we feel it 

II 1,... 1 
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would now" be dif!icul ttocorrectly dfagnose a problem a,nd take 
corrective action. Adequatep>rocess.control'is essential due 
to the necessity for entirely remote operation. Otherrequi1='ed 
modifications are considered minor •. Furnished to'us'wasa 
hazards anaiysisJprepared on theWAO system by Hercules, rtic., 
Allegheny BallistiC Lab. This report identified.twel1.ty ... eight 

. (28).pqtentially 'ha,zardoussitqations.Teri(l:Or'were judged 
sUfficiently hazardous to analyze in depth. Results were that: 
four situations were potentially haza.rdousertOughtoviarrant 
des ign,'ch"<;I.nges •... Five other' telat btelyJ~irlOrchanges',were 
re90mm~l1q,~(j~Thereportconcludesthat)no . si.gnificant.· . . . ". . 
~nc,9rreqtabl.eproblems·;ex~st~ .. rn.generaltitis .. Qur,opini"on . 
that th~·WAOunit.isnottqo';fc:lr.from·being.an· Joperat'ing 'unit· 
tOt"el1der:successfuLmodificationimp()ssibre~. 'Iti's. .' 
r~cQmmend'ed.thatif·thefU'rther expensecanbeju~tified} it is 
feas:ible,'forwork ;,to continue·on th'e system'inan'attertlpttO 
ma~eitoperational in the future. ' ". ' .. 

The Flui~fzed Bed Incinerator:'system isenly; partially ... 
installed . and totally <unt,ested.. . Furthermore, to ourkl'}.Owle:dge, 
this type of sYstem nasnever sudcessfullyb~enused to dispose 
of composite or highenergypropel1·arits. Pilotscaleand'even 
full scale units have,. howev..ert· been tested using propellant 
with varying success. The system existing at NOS has many 
obvious shortcomings; which would have,to'be corrected: prior to 

·operation •. The technology to eliminate these problems hasndt 
been developed to the poirttthat :modifications could be" 
designed and implemented with confidence that a<safe,~eTiable, 
operational .system would ,result. Furthermore, the expense can 
at this point he only grossly estimated, but would be very 
high. For these reasons' (and others' discussedIriore:£Ully' in 
the text), we do not recommend further development at this 
time. .' . 

, -. . - . - - - . . -' ,. - . - ' .. -' ". - - '. 

Tb,epro,blems associated,.w~th ,the wastewater.Treat~ent· systems 
do nO,tappear to" be fundamental iri natu're, but more in the 
natur.e,of imprQvements. and:troubleshootingwhich'woLildbe" .. 
necessary to learn: the operating characteristics of" the system. 
Probiemareaq.still exist regarding U:ltirttatesludgeartd' ." 
blowdown water disposal, several key pieces of equipment are 
missing, and the plant, l,f operational, would consume much 

,-/ ene.rgy. 

Although modifications are recommended, if the far nlore' complex 
problems associated with. other key portions' of the fa6i1ity.,· 
were overcome, modlfications.associated with wastewater, 
tr.eatment,couldbeachieyedrelatively easily and: at relatively 
moderate cost by ,comparison. An alternatetreatmerttsystem . 
without the high energy. costsassociatedwLth the wipedfllm 
evapora.tors. w,asdevelopedto see if it would be' practiCal. 
Order of magnitude cost estimates for an alternate treatment 
system are very high. 
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Analysis for Energy RecmTery frornFac~lity 

Assullliog.thatthe. WA0uni t and/or theFB:i: uni twill someday 'be 
. operational ,severalopportunit res exist fbrenergy 

conservation:. (1) heat l.iecovery from116tgasl~aving . tl1e. FBI 
to heat incoming air1 (2)heatrecoveryfrom theE'SI cgtalytic 
oxidizer:leaving air to preheat·theent~ringair~ (3}r;ecovery 
of hea·,tflrom·the vaporcendensin:gsiqe of 'the wiped film 
evaporatorr{4}useofair preheatersonboilers; (5). heat 
recoyeryfr0I11 WAOafterburnergasqis~hargeto heat.incoming 
air; (6) ;.heatre·coyeryfromcheFBIgasquench $ystem; < 7) . . 
energyrecQveryfrom,the WAO 1 iquiq!gas" sePCirato.r ". pressure , 
r.ed·u,ci n.gsys tern.: Analyses foreconomlcs of the m()d i fica t i(1)8 

ind;ioat,e .thatttems.< 1),and(41'wO~ld bewort:rywhileprov,ided 

the • fa .. Ci.l.;it¥.' lCOUl ... d .b.e ... ma.de .o.p.'~.r ... a., ..... t:i6n.a.l. f.o.r., ....... t ... e.n. year.s .... ·a.t.,.th .. e.·.. f proJect'ed rate.·!,,..c(! . '1-Jetl() h,1 . -P.-e/ .'11.-:;, IJ~ .. ~t;I .. ,·le t, tt .c· ..-' 
, ,. _. - ,-'. '. - - . '. - - - ' -

water.Ba.'l.anc~AriaTysis fotthe'Was.:ee· Tre~tinentF:acility '. 

Under this task, all water transferred to and from the 
treatment facility. for each Increment was .. examined •. Our. • 
conclusion was tha.t:;althoy:ghinitLaXly much water is 'required 
for propellant slurrying and, by nature of the process, mtich 
water is evaporated in the FBI,water is handled in a 
conservative manner. NearryalT the water handled in the water 
treatment· plant is recovered and\made available forreuse.fot 
producing add·itional slurry otfor initial filling of chemical 
treatment tanks within the water plant. As previouslY 
mentioned~ ohe ~ypothetiaal alternate treatment pro~ess was 
investi~ated.· , . 

stUdy: . fOr· DisposaloflOO Percent of Ordnance Related Waste 
I " 

During' this phase, alternate propellant disposal equipment 
combinations were evaluated which woqId be capable of disposing 
of. all ordnance related waste' generated at NOS. The present 
propellant Disposal Facility would dispose of only. a" relat.ively 
small fraction' of the total waste generated 'even if entirely 
functional. 

The thrust of this task was modi;fied somewhat just prior to the 
. d·raft submit.ted in September. 01:' igina'Ily we were to determine 
that additional. equipment requited for a.nd capable ofl 00 
percentwa,stedisposal. By mod'ification we were aSked in 
aqdition to determine the optimum..cOlnbination of methods such 
as use of the existing PDF, continued open burning, new 
facilities, and off bas~ di$posalto handle all wastes'. This 
was a formidable task because of the enormous number of 
combinations and difficulty in estimating all costs accurately. 
However ,we have succeeded 'in developing e1ghtoptions ranging 
frdm continued open burning,tb shipping most material off 

. bas·e, toconstru:ctionofmajor new' facilities at NOS for' . 
thermal destruction of the NOS waste Ioad~ Equipment.system 
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combinations evaluated ii1cludedaCcntainiriated wast.~ Processor 
. (CW!?), ...• an . Exp~Qsive Waste.lncin~pator· (EWl,).,aweb.>AirOxidizer 
(WAO)~aFl,uiqi;iSed BeQ Incin~rator dF·Bl.) arid a Deactivation 
Furnace CDFl~Th(3~e ,woul~ beusedi:n 9Qnj;unc1;lionwlth,·siz.e 
reduC1;;:i..onfacilit.ies,.( S:gF) to handle the entir.e,wasteload .• 

~
The r~commended ultimate solution features a size reduction 
facility, a contaminated waste processor, and a modified· 
~xplosive waste incinerator. We would recommenQ ,stepped 

~implementation, with con~inuation Q~~pen burning for the 
. presen~ and gradual elimination of open burning as new . 

fa9ilit:ie~.,·.ar~g(){1s~ructe.d ••.. ·.9urrecornmeflded·p~lo.ritie.s·.wotild 
be .. f<;':fi:rst •... inl~:i:ate de~.tgl1:·ar1d;q.Qri·struqtiqn ofha· •. CWP •. · ..• At .• ,th'e 
siimetJ..me,q'egin.to ". Qet(3rniine.··.~osi.tively>;whichwastes·can.:be 
shipped·elsewhe.iefQr:.d~sposai. •. and"negoti.ate .·withother···.·.sites 

_.\~~ .~. d~~r~~':b.~n~~·~::~~~c~H:tsi~~.s:'~~~~oinm~ia~:~i~·!a~;::~e~~~';tion J>\ . { ,/ F ofthl:!wast~J.l0a<,'!may. be d"isp9sed of bysb;ippingoff ,post; 
c.(I..'e,;~\./ D..... . Finally, construction of an EWlwill enable 100 percent:" . 
((,./ disposalat.NOS. . 

This task involved ,surveying, private industry and government 
agenc;ies to det.ermine . it No'Sorigioated waste. could be 
practically disposed of ·elsewhe.re ,~ne scope of w0rkwas· 
m9difi~dCluring.thest~dytoinclude ·a·transportCibil ity. s.tudy, 
of NOS wa$tes,:acompretiensivestudy, . .of pepartmentof 
Transportation . Regulations and investigation of whether 
potential off site disposerseould obtaina.PhaseB·RCRA 
permit. Resultsindicate.that al though packaging and 
transportation costs Viould.be;high,: nearly·allof,the material 
can:be:. transported in> accordap.cewi thDOTregulat.ions if" . 
properly> packaged. Nllmerouspossible ··sitesexistwhich may be 
ablete accept apo~f:ion,"9:e thewClst~;. .Thisopt ion has been . 
included 'in.our iecomm.el'ld~¢1.10ng ... ranged isposalplan. 

Contirtuc;itiori of Open 'Burning· 

A survey of current and future probable air pollution 
regulations was performed al1d corresponden,cewithpersons 
kho~ledgeable in the field was. sought in .anattempt to 
d:etermine how long open burning. was ·1 ikely to be permitted .' 
The c;o.nclusion. i,sthat Open burning is likely t'obe>permitted 
fot::. atleastthenex,tfive year~ •. 

"',., '.' -< --.,'. - ,., ,- ':-. - -

Alternate Uses for ,Ali 'orPart of. the :pOF 

.. ····-·-·-~~---~---I'\A.g.:.,.pa-r;t--G~n-i-:s.......,tcask,·various alternate~ were examined which 
cpuldutilLze any or al1pf .thecomponentsin the; PDF •.. 
'Alternates studied incluQed silver recoveryflrom film,sludge 
disposal, ·solid waste disposal, steam production, etc. Results 
show that silver recovery could be cost effec·tive depending 
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upon the amount available for processing. Other alternatives 
are currently being handled in a more cost effective manner 
than would result from using th'e WAO or· FBI. 

Economic Summary 

The cost for implementing all modifications to produce a PDF 
facility which would perform as desired is estimated to be 
greater th~, 80g.,.,.oO[;) This includes development of a fU,lly 
functional 4iidized Bed Incinerator, the CO.st of which is a 
very gross approximation at best· (since a totally successful 
unit has never· beenceveloped (jespi te much, effort) .,·If the 
expected cost of commissioning and spare parts is added Using 
previous NOS estimates, the total cost would be greater than 
$6,500,000. Implementing energy recovery where- cost effective 
would result ina total cost of approximately $100,000 but 
would pay back in less than 10 years if operational. . 

On the other hand, abandoning this PDF for other purposes, and 
instead, building new facilities including size reduction 
facilities for di~posalof 100 percent of ordnance related 
waste would cost approximately $3,800,000. This breaks down as 
$1,200,000 for Size Reduction Facilities, $1,400,000 for a 
Contaminated waste processor, and $1,200,000 for a modified 
EXplosive waste Incinerator,...-/Thus, for the same construction 
dollars, a facility for disposal of 100 percent of NOS waste 
could theoretically be constructed1 whereas, a modified PDF 
would destroy only a portion of the waste load ~ 

The eight options were analyzed in accordance with NAVFAC 
P-442, Economic Analysis Handbook. The options range from 
continued open burning to construction of new facilities for 
100 percent on base disposal, and included options for 
modification of the WAO JRa eUL.as weil as shipping varying 
percentages of the waste off base. of course, the most cost 
effective choice was continued open burning. The most cost 
effective first option was construction of a CWP and shipping 
some.waste off base in conjunction with some open burning. The 
minimum effort to ~liminate open burning entirely would b~ to 
add a SRF to enable more waste to be packaged for off base 
disposal. 
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. IV.OETA.ILEDTASI< BREAKDOWN 

The project-work was organiz'ed along th~lin~s of the 
tasks presented in the Scope qfWpz;:k. These,major task 
items·· were' supplementedbf' Clndb~pkepdqwn . info numerous 
sub tasks. These subtasks were d'eflnedduring the project .. 
negotiating phase, and fo.rmE!d .. the pa~;isoft;h.e work plane 
These tasks and subea:sks are listed hereinafter. 

. . . 

A..ij;·v.qJ;):.t);i,1fe·!>~xi~Ot:frig F.aCilft~,es.tpc.iudirigFuri<iled: Mp(Js 

B. 

1 • Initial scopi.ngmeetingandfieJd work. 

2. O?taip/rev iew;drawi1)9f:j, spec.~,desigin and resource 
docUInEmfs',ehvironnrental requ{rements. 

3. Evaluate wa;ste stream. input· (type, size, shape, 
quantity). 

4. Evaluate feed, conveying, grinding systems. 

5. EvaLuate slurry weighing, concentrating, holding, and 
slurry feed ~yste~s. 

6. Evaluate wet airox.idati·on systems ahd ancillary 
equipment. 

7. Evaluate fluidiz~d bed incinetat~r ~ysteIns and 
anc ill aryequipmen t,., . 

8. Evaluate wastewater treatment equipment and 
interfaces withWAQ, FBI, etc. . 

9. Follow--up field visi'ts .• 

propose Aclditional·ModifiGCitiqn and/or Pro.cess. 
Alteratiohsto'EhabTe:Operat:ion' as·. Intended 

1. Dev~16p' mods' tofeed/conve,ying, grin.qingsystems (if 
any) • 

. 2. Develbpmods to '. slUrry w~:i.g,hing, tqn,centrating, 
.holding, and slurry feed systems (if any). 

3. Developmod'st:owetairoxidatfon system and 
ancillary equipment (if~ny). 

" .. '. : -: "', ,- " . ,. 

4. Develop mods to fluidized bed incin~iator system and 
ancillary equipment .(if any). 
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c. 

D. 

E. 

5. Develop mods to ~a,stewater,treatmen,t facility (if 
any) • 

6. Develop mods; ,to ~~ility syste,ms ,(if any). 

T. D¢velop modstq process control 'and instrument 
sYSltems ,{i,f,anY}.' 

8. D'evelopprocessmod S (if any).". 

,9,. Develop building,. modS". (if any) • ' 

Additi9nal MQdsforDispbsal of lOO% qfOrdnaJlc~ Related 
waste ' ,. ,.' , 

, . 

1. Evaluate propellant 's1.zerechiction fiicTlity. 

2.. Evaluate contaminated waste flq.shing furnace. 

3. Evaluate explosivewast,e incinera.tor. 

4. Evaluate pyrotechnics disposal kiln~ 

5. Evaluate recyciing facility. 

6. Develop proposed ·site layoutand,blockdiagrams. 

Evaluate,Ot;.her End. psesfor£acility 

1. Survey other potential wastes £or disposal (sludges, 
hazardqus wast;.~s ,etc. ). 

.2. Screen and select potential carididates for further 
study. 

3. Evaluate addi tional ptoce'ss requir~ments. 

4. Prepare block diagrams ~ndschematics. 

Analysfs\for Energy 'Recovery from Facilit;.y 

1. Study potential energy recovery from wet air 
oxidation systems. 

2. Study potential energy recoveryfrQffi fluidized bed 
incinerator 'systems .• ' , 

3. Evaluate recovery equipment options. 

4. compute energY/cost, benefit/cost an~ payback periods 
for promising opportunities. 
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5. ConcI ude and recOI:nmend. 

Search ~o~ Alternate~DffBase OisposalSites 

1. S~rvey ~ilitary and goveinmentsites. 

2. Survey private industry sites. 

3. Conduct transportability analysis of NOS waste 
stream. c 

4. Survey DOT-regulations and potential transportation 
problems. 

4. Survey federal, state, and local laws at pot:ential 
sites. 

5. Evaluate ~bility of potential s4tes to obtain Phase B 
RCRA. permit. 

6. Conclude and recommend with five Year forecast for 
off site disposal. 

G. Water Balance Analysis for Water Treatment Facility 

1. Analyze treatment plant water balance in various 
operating modes. 

2. Develop potential equipment or process mods for water 
conservation and reuSe. 

3. Propose and recommend. 

H~ Economic Analysis·ofAII,Functions Considered 

1. Prepa~e construction cost estimates for Potential 
Mod i fica.t ions Requ i red for: 

a. Complete facility as-is. 
b. Modify to fulfill initial intent. 
c. 100% disposal methods. 
d. Other end uses. 
e. Energy recovery. 
f. Alternate disposal sites. 
g. Water conservation methods. 

2. Perform appropriate economic analyses for promising 
options. 

3. Conclude and recommend. 
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I. 

J. 

Open Burhing Option 

1. Study currentairpqllution regulations. 

2. Study proposed draft air pollution regulations. 

3. Evaluate probability of continued operiburning 
allowability. 

4. Study costs to open burn increments up to,lOO% of 
propellant and explosive waste. 

5. Propos~andrecommehd. 

, Reporting and BriefihgPhases 

1. Prepare plan of action and schedule. 

2. Prep~re monthly statusreports~ 

3~ Prepare draft ieport~ 

4a Draft biiefing. 

5~ Prepare final report~ 

6. Final briefing. 
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v. GLOSSARY OF ACRONYMS AND ABBREVIATIONS 

ARRADCOM' 

CHESDIV 

CF 

CPVC' 

CCTV 

CP 

CWP 

CW 

COE 

DF . 

DLA 

DOD 

DOT 

EW 

EPA 

EWI 

FRP 

FBI 

./ GPM 

HEP 

HP 

JCAP 

MILCON 

NOS 

Army Research andDevelopm~nt Command 

Che~ap~akeDi~ision, ~aval F~cilitie~ 
EngineeringComm~nd 

Chemical Feed 

GhlorinatedPolyvinyl Chloride Plastic 

Clos~d Circuit Television 
. . 

Composite Pr()peJ .. lant 

Contaminated Waste Processor 

Cooling Water 

Corps of Engineers 

Deactivation Furnace 

Defense Logistics Agency 

Department of Defense 

Department of Transportation 

Effluent Water 

U. S. Environmental Protection Agency 

Explosive Waste Inciperator 

FfberglassReinforceq,Plastic 

Fluidized Bed Incinerator 

Gallons Per Minute 

High Energy Propellant 

Hor se Power. 

Joint Conventional Ammunition Panel 

Military Construction 

Naval Ordnance Station 
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NAVORPSYSCOM 

NPgH 

N .I.C. 

OESO 

OS 

OSV 

PCV 

PRC 

PDF 

PEP 

PSI 

RAAP 

RCRA 

RPM 

RW 

RKI 

SDW 

SRF 

sw 

TDH 

TW 

WDF 

WW 

WAO 

v 

. Naval Ordnance System Command 

Net positive Sllction Head / 

Not In Contract 

ordnance Environmental Support Office 

Oxidized Slurry 

Oxidized Slurry Vapor 

Pressure Control Valve 

Pressure Regulation Controller 

Propellant DfspO~&l Facility 

propellant, Explosives, Pyrotechnics 

pound Per Square Inch 

Radford Army Ammunition Plant 

Resource Conservation and Recovery Act 

Revolutions Per Minute 

River Water 

Rotary Kiln Incinerator 

Scrubber Discharge Water 

Size Reduction Facility 

Sl urry Wa ter 

Total Design Head (Total Discharge Head) 

Treated Water 

western Demilitarization Facility 

Well Water 

wet Air Oxidation 

Vacuum 
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VI .. Evaluation Of Existing Facilities 
And Potential Modifications 
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VI. EVALUATION OF EXISTING FACILITY 
AND POTENTIAL MODIFICATIONS' 

'Evaluate Feed, Conveying, and Grinding SY13tems. 'Develop 
Modifications to Feed, Conveying, and Grinding Systems (if 

any) '.' 
General. All pr?pellant'feed ~nd 'grinding ,equipment is 
a$sociate(j with Building 'iF", number 1569 ShresfJder 
Building, a tri-level, three bay structure (with an 
additiona;t. bgy added as part Q;f Increment II). 

," ~. ,- ; - , " .' '. -'. . -, '. '. , . '.. .-

The' IhcJ:."ementI fe~dsy~teIItconsists of a truck: weigh ,', 
scale" receivipg hopper, 'nine vibrating. conveyo.rs,one 
verticc:il spirar vibratin~;Lconveyor,oneprimary grinder, 
on~final fine (l'1:'inder,and two 8" pneumatic., pinchvalye.s 

. at. conyeYort'l:'ansferpoin,t13. Under Increment II, an 
additional bay was cons'tJ:."ucted to, house ,Sieveli.aLmore 
conveyors, a relocated grinder, and several additional 
J;>inchvalves • Thlse,quipment was not installed. , All 
conveying and grinding' is done under a continuous water 
spray. The grO,und propellant is slurried with water in 
the last bay in preparation for· transfer, to Building 15 70 
w,here, the slurry is .adjusted to produce the proper solids 
concentration and stored for thermal destruction. 

Feed and qrinding System Components -IncrementI 

1 ) 
2 ) 
3) 
4 ) 
5) 
6) 

'7) 
8 ) 
9) 

10) , 
11 ) 
12) 
13 ) 
14) 

,', 15)' 
16) 
17) 
18 ) 
19) 
20) 

Truck:. weigh sqale' 
l'1aterialrecei vinghopper T-100 
Vibrating' feed~r M-100 
Vibrating weigh 60nveyorM-101 
Vibrating conveyor with metal detector M-102 
Vibrating cOhveyor M-I06 
vibrating'cOhveyorl'1.,..107 
Vibrating conveyorM:"108 
8"pneumatic pinch valve 
Vibrating twin deck screen conveyor W-103 
Vibrating, conveyor M-109 
l>~ imarygr~nd~r~-l 0 0 : 
Vi'bra.ting coOy-¢yot;" M-110 
v.ibrating spir,alve:rtical conveyor M..., 104 
vibrating'conveyor M-105 
8'" pneumatic plnch valve 
Final. finegrinderG-1 01 
Sizing screen 
Crusher tank T-10l 
Dewat~ringp.timp P-100 

VI-1 

- ----,~--- -.-------;--~-------~- --- ---, , -. -- - ---"--" -------.:,~--~ ----.--~'-. ---... -.-.-~~-.. _-



21 ) Dewatering screen ii--100 
22) Slurry tankT'"-102 
23) Slurry puinpP-1 0.1 

.. ' Summary .... >1 ncrement'I . 

Pr()pellant'90nyeying, grinding, initial propellant 
slurrying systems housed in Bq. i.! ding #1569 (Shredder .. 
Bu i:ldi fig) . ha,ve:, bee nin stall ed ahdessen ti?ll yare oomp.! ete 
includlng;;thebuildirfg~ ....... '.' ...... ....... ,.. . .,." .. " .... . 

S.incethesystetri'was.complet:~d,IIlany·fest:~have been 
conducted ,inaneffbrt.to ,make the.col1veying c;tod gril1<Hng 
system operationc;li ..... Tests:cbnduc~edto date have had. 
neg.atbre,.results •.. ;Pa'rts of'thesyste'mtestedhcive. been 
theinitial"feedo<>nveYors,thevertical . spiralc9pveypr, 
primarygrinder·,:>and water spr'aysystem •.... 'rhe.only .. piece 
of equipment which Rer·fbrmed· frlaccordanqe .wit.h design 
requiTem:ent;s·was·theprimarygrihCler. 'The'siitgTe:rnost 
significant problem is thatotconveying a wide variety of 
propellant shapes ahd.sizesUphillunderawatet"!3:!?ray. 

All vibrating conveyors were furnished by "Rexnord" 
vibrating equipment dlvisiorh . In:'June of 1979; Rexnord 
conducted .several· tests on S1 te and in their laboratory. 
These tests' had negative results. At this same time 
several designchang~s. were recomm:ndedand trieCi •. Some 
improveinentwasac.hieved,hL performance of the inclined 
conveyors butnoneperformed.entirely~at~s~actorily. The 
vertical spiral conveyor wasentir.ely unsatisfCl,ctory for 
this use. Several changes ihthewater.spraysys.tem were 
incorporated but the systemasa whole is still 
inoperable. 

In February of 1981, NOS stopped al1yf\..1rther CQrlstruction 
or testing on the facility lea.ving:8:' 1:Cictl;ity ,whLch is. 
nonfunctional. 

Eval uatl.onOf the,coinponehtsand overall. system~ndicates 
very basic changes would benecessarytoprovi<3~. )In ' 
operating system. The most '~fur)ti-arn'e-rrta'-rc:-'w0l.i~I=-d:;:-'"tnV'.olve ' . 
. major modification ofthebqildIng'andconveyi'ng,equi.prnen t 
to enable 'downhill materiaL progrE!ssic{n'. Site):opography 
would limit the optionstoei,therraisingth~:firsJ::bay 
and hopper loading area,consi,d·erablY,.,or lowerfl1g.,,the· . 
elevation of·the . third bay by lOtb 15>feet,.or : some 
combination of these. In addi tion modificaitons to alL or 
most eq1l1pmeritarrarigement s and< eleva:tions woUld be 
required. This option would be' extremely expensive. 

VI-2 

n' 
D 
:0 

. .•.• @.~. 
.::. ' .. 

. ~ . 

o 
[] 

'j] 

o 
[J' 

'JJ', •. 

o 



n 

I] 

o 
',r"'t i , 
L __ , 

[j 

u 

u 
o 
f,-,l, 
LJ 

i,)' ! ' 
:~ 

A se~Qndp6ssibilihY is 'ieplqcelJlEmt of the viprating 
spiral_conveyor wi~ha ditfe~ent type, of con~~yor 
en t11;e11, and reconf igurationot other conv~yorstothe 
norizontal. Two.altet::"natives have been· developed using 
thi~ apprqaqh io~ prirp9se~ 6£ determiriing 6rder of 
magnitude costs. The systems developed feature lift type 
b~lt conveyors. It. is realized an,d understood ,that .t:he 
prQPosal to use hhis type of conveyor would require 
extensive examination from a. safety standpoint, and much 
resistan~e may be encorihtered. bowever it is felt that 
develQpmel1t"of some type of conv.eyor along Utis line ,could 
i;)e achieyed.which could be<ttesLgnedtoacpieve'basic 
$afet:yrequ~telTlehts if opera.1;:ion ,of the entire PDF 
depended Oi'l .• it. TO repeat;:, the systems proposed. ' 
illustratefypes of changes and order of magnitude costs 
rather than a concrete proposal for use of this particular 
~q~j.pmen t •. 

tiescription of Process 

Propellant is conveyed from the recelvlng hopper by a, 
vibrating feeder M-l00 to a vibrating weigh conveyor M-l0l 
which then feeds vibrating conveyor M~102 which contains a 
fiberglass metal detecting section. If propellant 
contaminated with metal is detected in the propellant the 
propellant is diverted 1;:0 a three vibrating conveyor loop 
(M-l06; M,.,107, M-l08), forremov.al of the metal. The 
system is stopped, metal removed, re-started ,and the 'metal 
free propellant is. convey~d to the s.econd bay of the 
Shredder Building through an 8" pneumatic pinch valve toa 
double d~ck screen vibrating conveyor M-l03 for furtner 
sizing.' Propellant smaller than 1-1/2" in si ze is passed 
along to the verticaL spiral vibrating conveyor M-104. 
Propellant larger than 1-1/2" in. siZe ,is divert,ed to 
another vibrating conveyor M-109 which feeds th~ 
propellant into the primary grinder G-l00. 

. . '. 
:. , . I 

The primary grindet::"., red.uces the propellan·t in size to 
1-1/2" discharging the propellant to vibrating conveyor 
M~110 which then conveys the propellant back upon. the 
double,deck conveyor~ Ultimately, when properly sized, 
alLof the propellant is conveyed to the vertical spiral 
vibrating conveyor~ 

The propellant is to: be lifted by the spiral vibrating 
conveyor approximately'9'-10" and discharged onto 
vibr~ting conveyor ,M-l0S which conveys the ,material into 
th~~~ird ~.y of the Shredder Building, discharging the 
propellant through'another a"pheumatic pinch valve into 
the propellant final fine grinder G-l01. 
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The propellant . final fine . grind,er i I?. toredu(Je!:he 
propellants~ze to 111E?" or less •. The grinder is . 
instalTedinsucha way ·thatmateriaLis fedfroritthe 
grinder over a 1!16".meshsbreen.pr()peli~nt lq.rgerthan 
1/16" is recirculatedthrQughthegrinder, uhtil<;lll····· 
propellantis<r~duced in s'iz~to1/6"or less~> . 

The fine'groundprope'llantisdi scharg.edfrom· the final 
grihderand scree·riingintoastorage.tarik (T-1 0 i). where 
wate,r,is added: creatingthe .. propel1ant,Slllrry, ,. · 

Tank T-'·lQ1:'abtsas····a.· ... slurry· recii'Clllatingtc:lnk'a.tHl .·the 
newly'created, propellantS'lurryi s pumpe9'by ;'pumppc lQ 0 
into;slurty·.' c()llection.·tank"T-102. .. PU:irip'P~1 ()t'pun'lpS the 
slurr¥totlYe'propellantslur'ry storage ~.llitdin9 "A'I 
number 15.70'. '.. '" " ...... . . . .' •. '.' ,..... .' > 

. . 

Th~·compl.fe conveying and grinding sy~temis designed to 
be operated, under a continual water spray to prevent any 
propellant heat build-up and/or ignition.' . 

'component Evaiuat:ion '. 

1) Ttuck' Weigh Scale 

Description. The s6'leis22~~Q"Jlong and 91~Obwide 
withca capacity of up to, but· not exceeding 30,:000 
pound's~ The scale platform· is of reinforced concrete 
construction with channel framing • The scale is .. 
installed ina pit wi th platform at gr<;lde level. 
The scale indicating mechimism isinst~dledhextt.o 
the platform upon the. necessary found,ation. . 

Evaluation. The scale is installed in accordance' with 
good engineering practice', and shOUld' operatesatis-
faotorily. . 

Potential ModLfication~ As instal.led., no 
'tnbdifications would"berequired~ 

2) Material'B.ecelvihg Hopper ,T-1 00 

Description •. The hopp'e'r . isofrectahglilar lnverted 
pyrimidal design with a. capacity oflOO cubic feet • 
The hopper is fabricated of .stainlesssteel, '. all 
welded' con'structiorr and supported> by four' legs of· 
carbonsteel~ .... . . 

Evaiuation.AS installed, it appears the hopper would 
~eet design arid functional criteria. 
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potent:iii:il Modifidations., Noneant:icipat~d.' flmoJever, 
. the' hOpper 'discharge o:peh~i1g is moqntedve.ry close, to 
the"feeder. A full hopper of rrtatetialm'ay block the 
opening. ," 'Reconfi'guration of the. hOppe'r~nd" conveyor 
systemm'ay corr~Ct:: thisproblem. i If ~h9t, it, may be 
desirable to r'edU'cemax;i.mum proPellant ,size {rom a" 
cube to 5" cube .. , Further' testing is advi'sable, wi th 
subsequent inodifications based upon resul. ts. ' 

3) Vibrating Feeder M"'"100 
~--.' " 

besci'iption.The'feeder hj;ls a,l'2" wide, five foot 
long 'stair,lJ.esS st'eeltrOU9'hWith struc,tural. components 
of carbon steel.' The feeder is of the, coil spring 
suspension eccentriC Shaft vibrator type. Feeder will 
receive a 1500 pound charge of material and will feed 
the materialat a rate of 500 pouh.dsPer nour, with 
the J;'atecontrblled in response to ~eigh conveyor 
M .... 101.· .. , 

Evaluat16i1~~ th~feeder is. mounted hprizontally and 
ShoUld function inaccord'Cince' with the design 
"r~quiremehts~ 

Pbtent.ial.Modification. None anticipated,. 

~) Vibrating We~gh Conveyor M-101 

DescriI2tion. '" T~e conveyor has a st.ainless steel 
trough wi to. ffie?hanical and struct,ur.al conveyor '" , 
componeht;sof ,cj;lrbbn stee,l,., Conveyor is coil spring 
mounted with'eccenttic shaft vibrator. weigh cells 
with necessary electronic equipment for continuing 
feed, weight read Qutcand set to convey 500 pounds per 
hour dfma~erial control feed speed of FeederM-100. 

Evaluation. Cony-eyor Should function per design 
requi'tel1lehts; •. flowever this conveyor is several inches 
wider than conveyorM-102 whiqh it feedS. It appears 
propellant being conveyed will spillover upon the 
floor at this transfer point. 

Potantial Modifications. See Item 5 below. 

5) ViBrating Conveyor M-102, with Metal Detection Section 

Oeser iption. COQveyor has ,a stainles~ steel trough 
except Where the ~agrietic metal detector is lotated~ 
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Thisse::tiopof J;:hetrough is ,Of f:i,berglCis§<I"The 
trollgh,also, has a def:J-ePti;ongate toqivgrt,.the 
convey~p prbpellanttoConveyorM7'l O~LE Illetal is· 
detected,., ,'J;hemecnani,cal anostrqc,tural compqnents of 
theCbnveyo~' areaf. carbon steel. Vibr:a,tioo'is of the 
leaf,springtype$USRen~.i'6n,wlth excentricshaft 
vitirat.or. <Rate of fe,~dis const.ant a£ a nominal 500 
pound$ of mate,rlal per ,hourmaxirollm.. ' 

Evai'uation. During perfotmaoce,<tests"t:h.is:;conveyor 
did' not· perform adequately.. The tests were performed 

. usingin,ert material$wi tOsiwAlarq.haracteristics and 
·sU~~s .Ci:s'Ji ve propellant:! '. 'TPewat:er;spraysystem 
de sig h~dfor"',theconveyi ng>(ind ·gXindiog,.system was 
al sO utp.ized,'9uring'testing, ' ,. , 

This Conveyor (M-L02),like,. c6nveyors. M~1 06,., M~108, 
M ... 10'9, '~iI19M-ll0,:a,re intalled9Qa,<.s.1op'e:,:f~,edingup 
hill., When" t..ested the l'arge,>pieces of matelZolalwere 
conveyed slowly (or not at al)) often tumbling towards 
the, low feed, end. .Tpe yery sm,all piecespfmaterial 
w,ere," washeq 'tQ,th~ feed,en<I' ,ot ,t:heconveyorspy the 
w'ater spray 'system.' The'spray system was:modified and 
the amount of water spray reduced. This resulted in a 
slight improvement o.f conveyorperformat:lCe,out not 
enough to~make;the syste~ functional~ ,," . 

Potential Modifications. This conv~yor woul.d probably 
operateproperlyif it wer~ installed :leve1 or feeding 
slightly oown hill. '.' It woPid a.lgoqe,Cidvisa,ble to 
instail a prbduct chute larg~enought6receive 

'material from, ConveyorM-l 01' to 'preV~rlt prQdqct from 
s~illing up6n~th~ £lbot. . .", 

It must be 110tedthatin()drficationsrec()mm~nd~,d for 
individual pieces of equipment in order to'make them 
function according, .. todestgI'l,specificatiqnswould not 
necessarilY mak~ th~enttr~sYf3tem funC,~iqn.properly ~ 
Descriptioris of severalpbteriti~loveJ:a~l'system 

" modifications are presented hereinaft~r. ' 

6J Vibr~ting Conveyor ~~ld6 

Description. Conveyor has astai111ess·steeft'rough ' 
with mechanic;:a1 strllctural components9f carbon steel. 
Vibration is of the leaf spring type suspension arid 
eccentric shaft vibrator. As, installed" i tmust also 
feed up hilL Feedra'teis cOrlptantatsystem design 
capacity~ , " ' ' 

Evaluation. Performance tests conducted on this 
conveyor were similar to those for conveyor M-l02. 
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Potential Modifications. See Item 5 above. 

7) Vibr~ting ConveyorM-107 

Descriptipn. Conveyor is of same construction as 
conveyor M..;.,106 ab()ve. 

Evaluation. This conveyor during tests appeared to 
function properly. However, this unit i~ mounted 
horizontally. 

Potential.. Modifications. None recommended. 

8) 8~Pneumatic Pinch Valve 

Description. The pinch valve is a standard 
man1,lfactured unit with the body Of aluminllffi and valve 
sleeve of rubber~ The val~e operates on plant 
compres'sed air ,which closes the valve when released by 
a solenoid valve activated by the deluge system. 
Under nOrmal conditions, material fed from conveyor 
M-I02. passes through the valve to conveyor rvl-I03. , 

Evaluation~ Feeding material up to 8" in size through 
an.8" valve a.t 500 pounds per hour will very likely 
caUse a blockag~. The purpose of this valve was to 
preventthe spreading of an incident from one section 
of the building to another. ' 

Potentia.! M.oqifications. Replace valve with larger 
unit ,(12" valve) or red~ce maximum feed si~~ to 5~ 
cube. An alternate is major reconfiguration of system 
as discussed hereinafter. 

10) vibrating Twin Deck Screen Conveyor ~-103 

Description. The conveyor has a stainless steel 
trough with a depth great enough such that the upper 
portion of the trough contains a scalping screen to 
pass 1-1/2 "propellant size, and adiverter gate to 
divert latger propellant to conveyor M-109. The 
mechanical and structural components of the conveyor 
are of carbon steel the vibrator is of leaf spring 
suspension with eccentric shaft vibration. 

Evaluation. This unit as installed (which is 
essentially level) should operate in accordance with 
design requirements. 

, 
PotentialM9difications~ None anticipated. However, 
unit must be performance tested if feed system is put 
into operation. . 
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11) Vibrating Conveyor M-109 

Description. Conveyor is of sam~ construction and 
operating characteristics as M-1 06 above •. 

- . . 

Evaluation and Potential Modifications. Saine as far 
conveyor M~102 above. 

12) primary Grinder~G-100 

) 

Description. This' unit wasfurnished'oythe 
Government. It is a Ri,etz Extructor Model 
RE~IS~K7E~328 .'All parts which contact thee product 
are of 304 stainless stee1., Grinder is essentially a 
meat grinder type. Unit has, a screw which feeds the 
material through a slotted disc with a rotating blade 
which chops the material: to the desired size. The 
drive isa chain. and sprocket type providing a final 
grinder, speed of, 15RPM~ from a 15 HP motor. 

Evaluation. On tests with inert material it reduced 
the material ,to, the required size • It'is understood 
that thi s type o·f grinder has' been previously approved 
from a safety standpoint. If not, -additional 
controlledtssting of an identical unit usin~ liv~ 
propellant is recommended. Our experience with other 
grinders indicates that this unit may be somewhat 
underpowered, for the variety ofsha.pes, Sizes, and 
consistencies it must grind. ' 

Potential Modificationsi; " None recommended at this 
time pending further operating experience. 

13} vibrating Conveyor M-110 

Description~ Conveyorconstiuction and performance 
same as conveyor M-102. 

E~aluation~ See Item 5 above~ 

Potential Modifications. Several .alternatives are 
discussed in later sections. 

14J Vibrating Vertical Spiral Conveyor ~-104 

Description., The COnveyor trough and all components 
wh'ich come: in contact wi th 'the'propel1cmt' are 
fabricated ofstainless~steel. All mechanical and 
structural components are of carbon stee1. Vibrating 
unit is of coil spring suspension, ceiling hung , with 
floor mounted stabilization, a.nd an eccentric 
vibrator. 
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Evaluation. Performance tests on'this unit in the 
field and in the laboratory indicated.the unit was 
not satisfactory for the intended use~ '. Man¥ suggested 
modifications or sabstitut&sincluding a fluidized bed 
were tried all with negative result·s.Testsconducted 
on the vertical conveyor with water spray off gave 
positive "results. Howevei, since ~et material tends 
to adhere to the conveyor even without, water spray, to 
successfully operateillttris mode would require 
elimina·f:ion · ... of .. the 'water .spray 'throughout the 
building,' not just at. the vertical conveyor.. Previous 
safety analysiS havejudgedthistb be unaceeptable~ 
It is, therefore, mandatory that this unit be replaced 
by a different' type of conveyor, or the entire 
building must be reconfigured. 

potential. Modifications~ Seediscussibh under overall 
system modifications. 

15) Vibrating Conveyor, M-l05 

Descripti<;>n, Eval uation, Potential Modific'ations. 
'Conveyor construction, evaluation, and recoInmended 
modifications are the same as for Conveyor M';;'102 
above. 

16) 8" Pneumatic Pinch Valve 

Description. Material'from Con~eyor M-l05 passes 
through valve to Final GrirtderG-101. This valve is 
identical to Item 9. 

Evaluation and Potential Modifications. The pinch 
valve'isfed byCortveyorM:"'105. Propellant being fed 
by M~105 is 1~1/2" minus in Size so passing .material 
through the valve should pose no problem. No modifi
cations recommended. 

17) Final Fine Grinder, G-l01 

Description~~he9rinder isa Rietz Angle 
Disintegrator, Model RP-12-K122.All parts which 
contact the product are of 304 stainless steel. The 
unit has'12" diameter rotor, with 6~1/4" high screen 
and 20"' diameter fabrica.t.edbo.wl.Gr!nder, is driven 
by a25 HP motor throu~h ~g~ar reducer. 

Eval uation and potential Modifications.. Grinder 
shOUld be capable of meeting performance criteria. 
Recommend nOrtlbdlfications,but grinder should be 
performance tested. NO" evid@nce to date that this has 
been done. 
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1&) Si~ing Sc~een 

. Description .-The sizing screen is a functional part 
of final fIne grinding. Three' sizes of sizing screens 
are:prov.ided. ?>l/~inch r.oundhole full ci rele, 3/8 
inch round hole full circle, ,and 1/4' inch .. round hole 
full_circle screen. 

Evaluatiqn an.d.,POtential Modifications •. - Screen should 
fqnctioninconjunetion-w.i thgrinder'a's' required. 
S~ncenoperformance,.tests have been performed,. no 
mod{fi cat.ions· recommended.' 

19) Crl.Jsher Tank, '1';...101 

Description. This tank is ~ertical with a 4'-0" 
nominal, ~liameter .. and 3' -0" high On the straight side, 
wi tha open top and cone bottom.n1e tank is . 
fabricated ofJ16 stainless steel with A36carboh 
steel supporting legs~ On. the side.of the tank is on~ 
3" nozzle and a 6" level instrument spud. Inthe 
center QLthe cone bottom isa 1-1/2" . drain nozzle • 
T.Op rimoftheta.nk has.a reinforcing. angle ring and 
into the top of the ,tank are three 1-1/2'1 slurry 
recirculating pipelines, one 1" water pipeline and 
the conduit for propellant from grinder G-101. The 
1-1/2" bottom drain discharges to'pumpp-100and the 
3" side nozzle discharges to tank '1'-102. The nominal 
slurrycapaclty of the tank i8300. gallons~ 
Instrument~tion includes. a liquid level transmitter 
and controller which control water flow itttothe 
tank. 

Evaluation •. '. Sl.ul:"ry is formed in this tank by mixing 
water with the. propellant. from the grinder • The 
slurry iscont~nually ci.rculated- through the grinder 
and tank over. a dewateringscreeQ<which removes. the 
correctly sizedpropellantseriding it to tank T:-102. 
All valving for the .system is manual and it maybe 
difficult to balance the recirculating slurry piping 
as new material is cOlJtinu~lly beingaaaed 0, However 
it.doesappear the tank will function properly if 
balanced.' . 

Potential Modi fications.Itseems. that more 
fnstrume'rita t ion would> be ' advi sabl e,·but.todetermine 
exactly what kind'and how much would require 
ad~itionaltestiQg. An allowance for some additional 
irtstrumentationhasbe' included in the cost,estimates. 
Piping and recii-culat.ing pump p ... 100 seem adequate for 
amount Of material being handied. 
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20) Dewat~ring PumpP .... 100 

Deseription •. This pump ~s a Goulds horizohtal 
eentrifugal model No. 3196 donstructed'bf 316 
stainless steel and mounted upon a: carbon steel base. 
The pump size is 1 x 1-6 ~itha 4.06" diafueter 
impeller delivering 30 GP~ at a 10 ft TDH, arid powered 
by a Westinghou.se 3 HP, 3515 RPM motor. 

Eyaluat,ion. Pump should perform its design function, 
.but selection. of pumps for pumping a PEP slurry is 
important from a safety standpoiht. The pumps moving, 
parts should have ample clearance to pt~~ent pinching 
of energetic material partieles. Also moving parts 
contacting the slurry should be nonsparking. It is 
assumed the pumps selected have been used elgewhere 
for pumping the same type otmaterial as being handled 
in this system. If not; considerable evaluation and 
testing o£ the specifi~ unit will be necessary for 
usage approval. 

Potential Modifications. None anticipated, however if 
pumps have not been tested for this type of service, 
they will ~equire testing or replacement by a 
previously qualified pump. 

21) Dewatering Screen, H-l00 

Description. The screen is a vibrating type, 
consisting of three sections clamped together with 
quick disconnecting clamps. The base section is of 
carbon steel and includes the drive system. The 
middle section is the· collection pan ahd the top 
section is the screent both are 304 sta:inles~ steel. 
Th~ screen is 1/4" mesh and. with an area of 4 square 
fe·et. 

Evaluation. As constructed, it appears the screen 
should perform satisfactorily. 

Potential Modifications. None anticipated. 

22) Slurry Tank, T-1Q2 

D.escription. This tank is vertical with a 6'-0" 
nominal diameter and 4'-0" high on the straight side 
with .an open ,top and cone bottom. The tank is . 
fabricated of 316 stainless steel with A36 carbon 
steel supporting legs. The top rim of the tank has a 
reinforcing angle ring. On the side of the tank for a 
level instrument is a 6" nozzle and in the center of 
the cone bottom is a 1-1/2" drain nozzle. The 
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dewatered. propellant from. scre~nH-l 00 flows·· by> 
gravltyint~ the top of ~ank and a3~ pipe line from 
tanJs:':I'--lOl and 1 "andal-:-l/2 "pipe line fbI.' 
re~ ir.culatedslurry also< en tersthetarik .' top. Through 
thebottoro J-l/2,";nozzle.,the slurry is removed by pump 
P-101A or P-1 O:lB.. The nominal slurry capacity of the 
tank is 1000 gallons. Instrumentationincltides a 
leveltansmit ter, ,level indicator> high and low level. 

Evaluation •. · .. The; 51 urrycr,ea ted"i n, ta.nk T .... 10.1is . 
81:9xeclin tl1is·t~nkTr-102f_or'del.iveryto slurry· 
stq.rag~,'tanks in;Build'ing,·15.7Q.'1'h i s.tankand 
n~cf3ssarycomp()nents_.shou).d' function to system 
reqll·ireroents .;li9wev.e.r it appears'moreinstrtimentation 
could make the systein'easierto;"(:>perate~. . , 

. . 

potential MOd-ificatlons· •.. Instrumentation is an area 
whe·re50memodifica·ticms . would bebenefidial ~ All 
flow to and frorotankT-l 02 is essentially controlled 
using manual valves. This could make the system 
tedious to balance. _ One instrumentation improvement, 
would be a low slurry level shutoff switch for pump 
P-101Aand.P-l01B which~wouldprevent.pumping the tank 
and partofthe.system dry.;Additional 
instrumentation is. probably desirable, but to 
determine exactly what kind is difficult w'ithout 
operating the system. If thesystemwere.operated, 
instrumentation needs could be more easily 
determined. 

23} SlurryPump~ P-101A' 

Description·.'l.'hispump is a Goulds horizontal 
centrifugal model No. '3196 ,.constructed· fo 316 
stainless steel and mo.unted upon a carbon steel base. 
The pump size' is 1 x 1-6 with a 4.68" diameter 
impeller, delivering 33.GPM at.a98.2 ft TDH and 

'. powered by .aWestinghouse"5HP,3505 RPM motor. 

Evaluation and Potential Mod ifications. See Item 20 
above. 

24) Slurry pump, P-101B 

. Description. This pump is a Durco horizontal 
·c,elltrifugalmodel.Mark II, ,cQnstructed'of.'Al1.oy D (316 

stqinless steel) and mounted upo.n a carbonst'eel base., 
The pump sfzeisl 1/2.X 1 6/51 delivering ~6 GPM ata . 
134ft TDH, and powered bya westinghouse ·1.5 HP, 3500 
RPM motor. 

Evaluation" and Potential' Modification. See Item 20 
above. 
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Feed and Grinding System' Components .... ' I ncrement,TI 

1) E>inch" Val ves 
1) Feed Conv~yor M-815 
3) ·SpecialConveyorM.,.814 
4) 'Precrusher Feed Conveyor M-811 
5) Precrusher G-811 
6) Precrusher Return Conveyor M-812 

,Surnmary",.· I.ncrern.ent· II; 

Findings during,st,udYof Increment II systems are 
·essent~ally the same as those for Increment I. The entire 

convey,ingand grinding syst'e:rils need redesign to function 
as' intended. 

Description of Process 

Theex~ct purpose ofi this'equipment is not clear from 
study of the plans andspecificatibhs. The e~Gipment was 
not installed. Late in Increment I design, Conveyors 
M,-109, ,and M-11 o were extended to serve equipment to be 
l~cated in the new bay to be added·during Increment II. 

A second primary crusher or grinder (G-811) lOcated in the 
new bay was to be added served by the added conveyors and 
valving. 

Evidently, a dive,rter gate located near the G;..IOO primary 
grinder could be actuated resulting in delivery of 
propellant to either the G-IOO grinder or a series of 
conveyors leading to the G-811 precrusher.' After 
crushing, the,material would'bereturned .to conveyor M.,.IIO 
and back to the main flow stream. 

The added bay is essentially complete from an 
architecture/structural standpoint, but is empty. 

Component Evalution 

1) Pinch Valves 

Description. The pinch Valges are 12" and 8" 
.diameter, respectively, with 125 lb~ flanged ends. 
Valve body material is 304 stainless steel, with 
non-combustible or flame retardant' rubber liner. 
Valve is operated by 100 psig air. The first valve 
accepts material'from~conveyor M-I09 and transfers it 
to feed conveyor M-a15. The second valve a~cepts 
material from conveyor M-8l2 and returns it·to lvI-IlO. 
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Evaluation •. If the system weJreinstalledand 
operational (wh:ich It~ isn

c

, t), itappears that these 
individual components would perform sati~factorily. 

, " 

Potential Modifications.,"" See general discussion 
herinafter. 

2) Feed Conveyor M-S1S 

3 ) 

4) 

Description. This conveyor {as well as all others) is 
des.:i,gne"d to convey material ranging" insi ze . from ,6 II , 

Sf), PQunocubesto1/2 in,ch diameter:by2ih¢hlong 
long: grains. The design conv"eyorrate is 1000 Ib/hr. 
The, conveyor wasta' ;besui table for corrosive and 
explosive material. The conveyor feeds'Special 
ConveyorM-S14. 

Evaluation. Equipment is not installed so evaluation 
not" real~lypossible'. . Conveyor is' shown installed 
horJzontallyso probably would function if installed. 

'. Pote,ntia;lModi:iicat ions.. &ee general discussion 
here inafter 

Sp~cial Gonveyor i-i-S14 

This unit is designed to lift material a'~o"".to feed 
theprecrusher G~Sll. Materials of construction are 
identical tothe.otherconyeyors, Conveyor is a, 
special vibrating type hung from ceiling structural 
steel. 

Evaluation. Based up6~e~perience with Increment I 
conveyor, there i~ no chan~e that the conveyor would 
work if installed. 

Pot"ential Mbdifica.tiorts. See general discussion 
hereinafter. 

Precrusher Feed Conveyor M-Sll 

Descr iption. 
ceiling hung. 

Conveyor is similar to others except 
Length is'3'-9". 

Evaluation. would be. installed horizontally so would 
work if installed. 

Potential Modifications.," See general discussion 
here.inafter. 
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Description." This uni t is government furriished ·and no 
d~ta is available to describe it. 

6) Pr~crusher Return Conveyor M-SI2 

Description. This conveyor is a floor-mounted 
vibrating'type of the same material as the others. 
Unit/has screenedsectiorr forwatet draw off at 
crusher dt sch'arge·. Un it is 15''''0" long.' 

, Evaluation. unit was to have been installed on an 
incline so probably would not have worked' 
satisfact'or ily·. 

potential Modifications. See· genetaldiscussion 
. hereitl'after. 

Potential· :[ncrement ,II System Modifications -. General 

As previously stated, this equipment hap not been 
installed. It was not installed because ltis highly 
doubtful that i twouldhaveworked. We concur 'that this 
portion of the' work was rightfully abandoned. potential 
system. rood i fications are discussed in the next section 
considering the overall mission and not with regard to the 
two separate increments~ 

Potential Systems Modifications 

1) Discussion of Past Modification Attempts 

In August 1978, ,afunctional·test of the conveyor 
system was cond ucted at NOS •. The t'est used inert 
propellant. representa.,tive of the full range of ,sized 
to be CIisposed ;of except 8" cubes.. ,.,.' , 

The conveyor system did not meet .the required 
performanceiri i ' several ways.' ThematerLil w'ould not 
convey properly UPbrithe<inclined conveyors or spiral 
conveyor. In some areas, water spray w~s excessive and 
other' areas ,such as the grinders, the water spray was 
inadequate. . . 

. Several modifications t.othe conveyor 'system were 
tried. The water spray was·modifiedredu.cing spray on 
the conveyors. The/conveyors were tried with a 
nonskdid surface, and guided lengthwise in the conveyor 
trough. 'None of·the modificatiohswere entirely 
s~tisfactory. It' was apparent <thatal though some 
improvement could be made, dlfficultieswQuldaontinue 



to exist conveying wet propellant uphill. . Operation 
of v~rtica1 vibrating types with water spray appears 
impo ,Ss.ibl e. 

2) Discussion of Potential System Modifica.tions 
. . 
As previously disc~ssed, them~j~r diificulty is 
encountered· when tryingtpconveypropellantthrough 
incfeasing· el:evatioll$ •. Thes~ngl~ Jl1.ost r'igid 
cpos train t onelimination.of·th:Ls problemis~ the . 
buildingcon.struc,tion it-self.. Sincemaj.ori·changes in 
building elevation to permit progressive material 
movement in a.hor~zon.taL ordQwnhillp1anewould be 
prohibitively expensiyeL.major<builc:ling,reconfig.uring . 
was not considered further. Sinc~.operatingproblems 
exist in other areas, great risk would be involved in 

. making. mqjor builOingcl::lqngesin.?oe pqrtQ.f'the 
facility without assur~hce~ that-pr~blemi:were solved 
in other areas. For this reason only potentia! 
mogifications which did not.involve major building 

'') modifications were con·sidered. '. 

TwO possible methods o£ accomplishing the loading, 
conveying, and grindin~ functions have been examined. 
One utilizes as many 0fthe exisbing components as 
possible. (mo(Ufiedsystem).. The other proposes. a 
simplifieq system with only one. grinding stage 
(redesigned system). These options are discussed in 
the following pages. 

Modified· System 

It appears tha.t if asa minimum the following 
essential modifications: were incorporated the existing 
propellant conveying and grinding system could be made 

. fuhctiol1al~ All ~xist:l.ng equipment would,! be utilized 
except the spiralvertical.vibrating. conveyor. This unit 
would be replaced with a Loft Belt Conveyor. This type of 
conveyor-is,described in.de:taillater.Theother system 
compo'nemts would pe reuseOastnstalle(h,modifieq, or 
.relocated~ Also some components would be eliminated. 

Re<:eiving hQPp~rT~100, FeedeXiM'i'lOO, and vibrating· weigh 
conveyor M-l 0 1 would remain as. installed. Conveyor M-102 
withm~tal detection section would be modified and 
installed hOl:":lzontal1y ra:ther:'.than inclined. Tf:metal 
were detectedintl1epropel1<3,nt by' M~l 02,. the entire 
,building wi thIllino·r exceptionswoulo< be;immed iately 
shut-clown.' Th~ metal coulq then be .fOl;lnd anoremoved from 
the. d~tection section. Vibrati,ng,conveyorsM-l06; M-l07, 
andM.,..lQ8whl,.ch . were' installecL as' a diversion loop to 
remov~any,metal in· the; propellan t would beel iminated. 
This side loop conveying system ~ould not perform properly. 
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as designed and built. If further analysis ind~cated that 
it was not certain that all metal co~ld be removed with 
100 percent assurance, a second metal detector section 
could be placed in series with the first. 

Conveyor M-l02 would discharge directly into relocated 
primary grinder G-l00. The pneumatic pinch valve which 
conveyor M-102.initially discharged through could now be 
elim~natedor replacedwit-tl a larger valve if mandatory 
from a safety standpoint. Our Figure VI A';"l shows an 
automatic fire gate in pl"ace of the "pinch valve. Grinder 
G-l00 would operate under a deluge of water. 

The primary ,9rinder would be relopated and mounted to 
discharge the propel~ant ontotonveyor M-108whic~ would 
be relocated also. Since the primary grinder would be 
relocated, vibrating conveyors M-103, M~109, and M-110 
would no longer be needed. Conveyor M-103 would be 
replacedbyM';"l 08. M-109 fed material to the grinder and 
M-l10 received the material from the grinder. These two 
conveyors could be eliminated as a result of the grinder 
relocation. 

The modified and relocated conveyor M-l08 would discharge 
onto a neW belt lift conveyor (the belt lift conveyor 
replaces the vertical spiral vibrating conveyor) which 
would in turn discharge onto vibrating conveyor M-105. An 
additional fire gate would be required at the wall From 
this painton the system would remain virtually as 
installed. 

The water spray system as. w.ell as other mechanical and 
electrical utilities would have to be completely 
reconfigured to meet the needs of this system. 

The new belt lift conveyor considered as a replacement for 
the vertical spiral vibrating conveyor is similar in 
configuration to a standard belt conveyor except the belt. 
The belt of the belt lift is a special construction, which 
includes a heavy duty base belt with cleats and corrugated 
side walls~ The belt is available in a variety of widths 
up to 72". The belt cleats and corrugated sidewalls are 
available in any height up to 15 11

• Belting material is 
available in several types, including :food grade. Belting 
materiaL would be determined by product being conv·eyed. 
Due to the. unique belt construction, the belt lift .has the 
ability to move product vertically. The belt lift is also 
very similar to a type of belt that is in usa at Lone Star 
Ammunition Plant in Texas. Refer to the enclosed belt lift 
conveyor catalog cut.s and flow sheet illust:ratingthe 
foregoing modified system. As previously-mentioned, for 
this application the conveyor might have to be redesigned 
for safety but basic type is believed to be usable. 

VI-17 



Redesigned System 

Another potential modification which was examined (and 
has desirable featurea~ ~onsistsof replacin~ portions of 
the existing propellant conveying and grinding system with 
different components. 

This· system offers a straight through material. flo", using 
a minimum ~umber ofcomponents~ The final propellant 
slurry produced shoulff m~et designctiteria~ The system is 
also designed to use as many pieces of existing equipment 
aspossible~ . 

The initfal part of the system would consist of receiving 
hopper T-l 00, vibrating feeder M.;..lO.O and vibrating weigh 
conveyor M:-10 1 utilized essentially as installed. 
Conveyor M-101 would feed the propellant onto a modified 
and .relocated vlb-rating conveyor M-102. Conveyor M:.-l 02 . 
(which contains a metal detecting section) would 
imm~diately shut the complete system dowrtif any metal 
were detected. The metal could be temoved and the system 
re-st.arted. 

The propellant would be fed from conveyor M.;..102 into a new 
grinder •. This type of 'grinder would have the capability 
of reducing 8" size material to 1/16~ Qr less in size in 
one pass. 

The propellant would feed from the new grinder onto an 
existing modified vibrating ,conveyor M-106,which then 
would feed the propellant to a new belt lift conveyor 
which would discharge themateral into the relocated 
Slurry. Tank T~102. The slurry would then be pumped from 
tank T-l02 'by relocated Slurry Pllmp P-1 01 to 81 urry 
Storage Building No. 1570 or buildirig No. P-947B depending 
upon which type of propellant was being processed. 

The .. complete syst.em "'(ould operate under a redesignedwat.er 
spray system. The. system would require the necessary 
controls tpmeet all safety operating functions. 

One type of grinder which is a possible replacement for 
the two grinders now installed in the. system would be the 
type currently beingus~d at Radford AAP for reducing 
explosives in a singlet pass on the feed to theirrota.ry 
kiln. The grind'er is known as a flying knife. type.-

Catalog cuts presenting this type of grinder, which is 
manufactured by Mitts. and Merrill, are included. As 
shown, these grinders are capable of handling relatively 
l~rge materials through feed openings ranging from In" x 
11" to 20" x 54" and power input ranges from25HP to SOD 
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HP. Feed rates (depending on grinder size) range from 300 
Ib/hr'to 20 tons per hour. Available screen sizes go down 
to Oj045" or less than the current fihal grind size of 
1/1 6 jj 

• 

As indicated, this type of grinder iscurrehtly being used 
successfully in the ammuni&ion industry. Ho~ever, 
extem:;ive testing would be necessary to de.termine the 
pr.Oper compromizes, among feed rate, power, total size 
reduction and safety. 

The new belt lift conveyor selec.ted to replace the 
vertical spiral vibrating conveyor has been discussed 
earlier under the modified system. Of course, this also 
would have to undergo a rigorous safety analysis before 
proceeding with design. 

Refer to the enclose4beltlift conveyor and flying knife 
grinder catalo~ cuts plus the flow sheet illustrating the 
potential redesignedSystem~ 

Conclusion 

Either of the proposed mOdified systems would eliminate . 
the problems associated with trying to lift wet propellant. 
using vibrating conveyors. As previously stated, before 
proceeding with design, an extensive safety analysis would 
be required, although we believe that the proposed 
components could be developed to be as safe as current 
components .• Al though numerous , other' sys terns could be 
proposed, cost data has been developed for these two 
modifications. This data will provide "ballpark" costs 
for cohveying and grinding modifications which would only 
be worth considering if the other portions of the'overall 
PDF could be functional. In other words, it would make no 
sense to modify the conveying and grinding systems if 
practical changes to the WAO or FBI systems could not be 
economically justified. Likewisej even if those systems 
could be made functional, they would be useless without 
the prcperslurry preparation.' 
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TRUCK WEIG.H 
SCALE 2-. .::>..----,,~ RECEIVING 

NOTES: 

.- HOPPER 
~_--,II J 

.fj 

VIBR. FEEDER· 
M-100 

VIBR. CONV. 
WITH METAL 
DETECTION 
M.;.lQ2 
MODIFICATION 

--

+) ALL EXISTING EQUIPMENT R~USEP EXCEPT SPIRAL 
VIBRATING CONVEYOR • SPIRAL CONVEYOR REPLACED 
BY NEW LIFT BELT CONVEYOR.· ... 

2) EXISTING SPRAY SYSTEM MODIFIED TO SERVICE 
rmDIFIfD SYSTEM. . .. .. . . 

) , 

IN CASE OF FIRE DELUGE . 
SYSTEM TRIPS GATE,GATE 
FALLs CLOSING HALL OpENING 
AND CHUTE~WINGS·CCEAR . 

VIBR. CONV. 
M-108 ~10DIFIEP~ 

EXISTING SYSTEM MODIFIED 

Figure VI A-1 

o. CJ· 

""", i :'i: -

fl ...•.. > ........ ·.~ViBR. CONV. 
LL!-105 .. 

1I!znn~r. . 
O . TO FINAL FINE GRINDER 
··(G::'lOl), SIZING SCREEN, 

SLURRY TANK (T-101), . 
SLlJRRY PUMP (P-100), 
SUJRRY TANK (T-102) & 
SLURRY PUt1P(P-10l), 
ALL As INSTALL~D. 
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TRUCK 
WEIGHT SCALE (EXIST) 

I 
IN CASE OF FIRE DELUGE 
SYSTEM TRIPS GATE, GATE 
FALLS CLOSING WALL OPENING 
AND CHUTE SWINGS CLEAR 

'f'j.RECEIVING 
T-IOO .. HOPPER .(EXIST) 

~ . 

VIBR. FEEDER 
M-100 (EXIST) 

NOTE: 

--

VIBR . WEIGH 
CONV. M-101 
(EXIST). 

VIBR. CONV. 
WITH METAL, 
DETECTION 
M-I02 (EX 1ST 
MODIFIED) 

THE COMPLETE SYSTEM IS TO HAVE A 
WATER SPRAY SYSTEM TO PREVENT 
TEMPERATURE RISE Of PROPELLANT. 

GRINDER 
FL YING KNIFE 
TYPE 8" SIZE, 
TO -1/16" SIZE 
(NEW) 

REDESIGNED SYSTEM 

Figure VI A-2 

BELT 
LIFT CONVEYOR 
(NEW) \ 

I 

IBR. CONV. 
M-I06 (EXIST 
MODIFIED & 
RELOCATED) 

'}. . 

(

H2q SLURRY . 
TANK T-102 

r-L--'--, (EX I ST:& RELOCATED) 

SLURRY PUMP 
P-IOI (EXIST & 
RELOCATED) 

---
TO SLURRY 
STORAGE ' 
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The~ Hapman Belt Lift Conveyor provides 
forthe ¢,ffidentmovement of bulk materials 

at angles'up to and including 90 0 while 
eliminating troublesome transfer points. 

A~ailable in a variety of configurations and 
load·h~ndling capacities to fit your 
specific,application',.Hapman Belt 

Lift Conveyors are'long lasting, 
efficient and require minimum 

maintenance. They are the ideal 
solution to them'ovementof 

almost any bulk product. 

I 
_ . __ .~ ___ . ________ :... __ :;-________ J 
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The key to.the superio,T per(Qrrria~ce oft~eHapman J;3eltLift 
Conveyor IS a very ~peclal beltconstructlon.,Th~h<;avy·duty 
ba!?e employs the la.test beIH~chnologyandmaterials.,CorrJJ: 
gated sidewalls permiteas)'n.exing througltinside andout~ 
side.turn!! while providing 'pos.itive cont.ainmentofthe mate
rial being conveyed; Crosscleats,inav~rlety of heights and 
profilestb meelthe needs ofyol,Jr partkLilar product,create a 
box structure"to propeLmaterial'anj::Lpreventflow~backon 
inclines •.. ' . . . 

Available ih? variely ofcomJ>,ositior1:s,beltingmaterial can 
be provided to meet a wide·range ofi:>peratirig.conditions •. 
They include'standa'rdblack,oWandf'!t resistant, hC;;<l.t r.esist
ant to 27 SOF., flame re~istantandMSHA·approyednarne.· 
retardant plus FDA,approvedwlHte Oil and fat resis~ant corn-
ppsitions.., ..' .' 

." ':--"'f'<':."~-,-,,,,,-,,":-,,-,~_ ..... _ ._ ....•. -.>~ .... :~_ ..... :._~ 

Mechanical (?slening incor,· 
poratedinlobothcleals and 
sidewalls on larger, heavy· 
duly bells (or grealer durabilily 
in demanding applicalions. 

Base bells are available in a full 
rangeo! sizes up 10 72" wide 
wilh sidewalls ;md c1eals up lo 

. 15*" high Various combina· 
lions o(heighl and widlhpro· 
videlorconveying capacities 
ranging from a few cubic feel 
per hoLirlo several hundred. 
lhousand cubicleel per hour. 
Consulllaclory (or del ails. 

CLEAT TYPES AVAILABLE 

Open frame construction il· 
lustrated. Enclosed frame 
cOIlstnictioil can also .be pro· 
vided. . 

Conveyors are shown without 
appropriate safety guards for 
illustrative purposes. Proper 
guards must bein place 
during operation. 
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Theapilily looperaie efficientlY QflSle~pjn
, clines makes lheHapmanffell,'Uft an ideal 

subslilulelorQlJc;keleleqalors;, e/irrlin a ling lhe 
proble/T'l5o(jammedand qr9ken bucKels. ' 

. Tra;;s(eririgmalerial (rom hor· 
izonlallo a sleep incline.· with 
nolrans{e( point. insures supe
riormaleiial.hand/irig. 
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Paper rolls with core through 1 U" scree, 

Here's 
MONEV·SAVING MATERIAlRED,UCTION ' 

-,"'-' " 

Baled rubber through 1" screen 



Hig,h' .cap,il.city .... gre ater .. versatility 

. . 
Aluminum wire through!" screen 

MITTS &. MERRILL offers the widest selection 
of rotary-knifematerialreductionmachinesof any 
manufacturer in t.q.e. United States. This equip
ment reduces raw and scrap material to the size 
required for cost.saving processing, transportation, 
reclamation and disposal. Th~y provide top 
efficiency and high volume production rates 
withallmateria.lsthat can be cut by a rotating 
knife machine. . .... 

Thereare.31 types and sizes· of standllrdMitts& 
Merrill Cutters, including the strongest, heaviest
duty uriits a.vailable. Capacities range from 300 
pounds· per hour to more than 20 t()ns, deMnding 
on the material processed; Typical. end~prodtict 
sizes include, from 3" to 4" chunks down to gra.in
sizedmateria.l that will pass through a Yt"6" 
perforate9. .screen. SizingeapabiIitiesare;. o(course, 
contingentupdn the physical properties of 
the material. . . 
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Mitts & Merrill "Hogs" 'haveb'eerl' serving: the 
lumber,ihdtii;tiiy. for.ttfore'thari lOt)' yeal'a"",,~ince 
1854~reducing bark, trimmings, slab and scrap 
tOa readily~handled size ,suitable forb(jilerJuel. 
Cutter~ . manufactured today . are used in, the 
chemical,plastics,rul~ber;papel' a,rtd animal~ 
products'. industries· and many others .. 

Materials'NoVlf,H~ndled Include: 
.·Asphalttile .,Rubb~r inprocess"C 
• Cardboard synthetic and natural . 
• Glass • Rubber scrap· 

Rubber scrapredamatioll for compQunding, con
veying,and. b:l;\hdling(px:epara tory to . repl'oc:essing; 
Red~didil·of. natul'al·lat~:x:.· at· otigilla~ plant~tion 
sitaf6r handling and washing. ' .' 

. . , 

In~. P ~I; plants:RedqGtiQ1.1.o:fta,~v>material!f and 
cli~micalst6t!i1ifo~ size forpr(>cel;;~hlg; 
Reductionofw8:ste' ortdm. " .. 
. 1\1'aterial·.redriCtionwhere··speci~l·t~ierkrlcedesigns, 
l'esistance.· .. to corrosionproblemsa,Iid· .'. explosion-

'proof installations are required~ 

In pl~stic~pJants:ged,uctlbrtoHarge. and irregular • Leather scrap 
• Non-ferrous metals 
• Paper 

• Scrap meat, bones, hide 
• Waste matter 
•• Wood 

, plastic shapes to. uniform granules to facilitate ac
curate meaSuring' of loads for molding machines . 

• Plastics in process 
• Plastic scrap~induding film, 

fiber, chunkaIld pipe 

Typical U.ses in VClrious Industries 

Here are some of the more common uses of Mitts 
& Merrill CutterS: 

In veneer and plywood plants: High I>peed economi .. 
calreduction of wood wastes; including wet veneer, 

, cores, log ends and round-up. 

In lumber or paper mills: Reduction of oversize 
chips from bull screens to proper size for processing. 
Shredding used Pllperstock, including newspapers, 
bQoks. magazines. 
Reduction of pulp: in dry , wet, roll or frozen form .. 
Reduction of bark. and other wood refuse for· fuel. 
Reduction of scrap into sawdust or controlled 
particle size. 

In.rubber plants: Reduction of bales of raw rubber 
for further process handling. 

Mitts. & Merrill· 
Series III Cutter 

reduces wet·fibrous 
green veneer to 

uniform fuel chips 

4 

Mitts & Merrill Series I Cutter 
permits leading pla[it~c.processor 

to reclaim material 

Reduction of scrap for reprocessing back into the 
pre-molding, mix;· . 
Reduction of th,e:r:Illo-plastics and some thermo
setting materialS. fbI' reprocessing purposes. 

In animal-products processing: Reducing carcaSses, 
fat, bone, slaughter house offal, etc., . to sizes con
venient for rendering. 

Whatever requires size reduction .in processing: 
From corncobs and husks to alUJ;riinum wire ... 
used boxes, barrels, waste Paper and other light 
m.aterialto heavy rubbish ... Mitts & Merrill 
Gutters are usecl.for sizereduction.applications. 
Cutters. of extra-heavy constructIon are available, 
eqiIfpped with safetY doors that openautomatical
ly to discharge tramp metal. 

Names of user companies, large and small, through';' 
out North America and abroad, at.e available on 
req,Uel;;t~.Just teU 'us the industry 61'· the S;I.C. 
category of intere!'!t to you, 

~~'--:--- ------ ---- - -. - .------~-.. --
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Mitts & Merrill. 
Series IJIGutter 

.~). 
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The Mitts&:Merr,iU 1i"1!; ....... . .. . 
includes3t~basic~modelsiof<Cutters. ,., 

SeriesTCutt;ers rneetthemajorityofneeds;.These.' 
ar~ available in 14'Inodels; with'or'without a 
screen; Feed, openings' range from lO~_x JT: to 20~' 
x.54", and maximum power input raIiges;from25, 

<to SOOhp. . . . . 

Withoutascreenthesecutter~;.arewidel,}\'u~~dby 
rendering plants, for . grinding .. ' animal' carcasses, 
meat scraps and related material. With.·a\scree;n, 
these cutters:areteCOnimended for a wide-variety· 
of other applicatioiis. 

Series II Cutters may be used forapplicl;l.tionswhere 
tramp or scrap metal presents a problem.Theyfea .. 
ture extra-heavy construction and optional safety 
doors that automatically discharge tramp metal 
pieces thatare.toohardt6 be cut by the'knives. 
These Cutters areavailabJe in 12 ·models, with,or 
withouta screen - with f~ed openingsrangingJrom' 
10" x 11" to 20~' x 54" and maximum powerinput 
from 50 to 500hp. 

Series III Cutters are designed specifically for ply ~ 
woodand veneer industries. There are five rhQdels, . 
with feedopeningsfrorn7" x 18" to. 7" 'x: 66";cand 
corresponding power input '. from 20· to 60 hp; An 
in-feed conveyor .attachmerttis·available; 

Detailed speci6eatiollsoil'allm.odels of each of the 
three. types are providediri.separa te~ulletins, 
available on request. Major'featuresofconstruCtion 
and o. pera.tionare describectQll:the£ollowing pages. . - - . . 

All highly dependable. A material-reduction ma
chine is cominonlypartof a production lineoper
ation-most often, the first rna.chine in the system. 
Thus, to protect the entire plant or process against 
shutdown, such machines must be ruggedly built 
for dependable long:..term, continuous hard service. 
All Mitts· & Merrill Cutters meet this requirement 
inevery respect, as explained on the following pages. 
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How theMachinesOpet~te 
Essentially, aU. Mitts & M~;iU Cutters consist of 
a s~riesof knives moul)ted h.OiizontallYbn a rotor 
thaHu:rnsinafabricat~d steelhQusin,g. Thehoueing 
inclUdes (1) aniriletchute or hdpperto suit your 
applioittion;(2}' oneoimorestatlonaryknives 
(called 'ClItter bars)';' and (3) . an opefling at the' 
bottbni.fbrhoi·izontalor'vertical discharie.tn· .. 
most cases, a Screen is securely moufited" within 
the,djscharge·.·.area·forsize control of the. cut-up· 
ma.teril'll.prior . to ac.tuaL djscharge. 
Useof;lmivesin.asj:aggeredpattern on the rotor of 
all :Mitts'&' .Merrill·· Cutters breaks· the .ciItting 
action d6wninto rnany sma:llcuts per revolutiOJ;l. 
This. provides smoother action with less. noise, 
shockandvibratioIl,al)dafi'ords very high pro
duction capabilities. 

Extra-Stui:dy and Durable Rotors 
for ~etiesr &"nCutters 
Therotor of these machines consists of steel sec
tionswith20"~26"6r 30" diameters and 4" or 9" 
increments of lengths up to 54"over~an. These sec
tionsal'e ptess-fittedand keyed 011 a tugged shaft 
to formoneu.nit orrotoi'. The asseinbledrotor IS 
precision-turned and dynamically balancedio run 
with a p:;tinimuI;Il of vibration. The balanced mass 
provides. the. fl.ywh~el effect required far reducing· 
the toughest rna terials,. and .eliminatesneed for an 
independenttJ.ywheel out}:>oard olthe bearings .. 

The.totot·shaft is Of alloy steel and of adequate 
diameter to hold· shaft and rotor to 'minimum 
deflection. 
The keyed shaft extends at each side of the machine 
to permit either right- or left-hand drive, and to 
facilita~e J;~rnoval of~herotor for refi:nil'lp,illg. 
Rof(uodtiYe;may be·' by direct-coupled . motor or 
by¥-belt. ' 

LOIl~~lived, heavy-duty bearings. These size-reduc
tiorLcutters have the rotor shaft mounted in 
hea~y~duty, double-row tapered precision roller 
bea~,Ings.. . 
Rotbr knives securely fastened. Tli:e knives are held 
in tBe rotor cylinder byheat~treated screws 'and 
sbliCK steel blocks,as illustrated. The knives are 
easily adjusted radially. . 

Cylitider pockets aid processing. The cylinder has 
pockets adjacent to the knives for material 
circhla tion. 

Staggered knives provide higher 
cutting efficiency; pockets adjacent to knives 

For Series. III CUtters . ,. - ~ '.,' -. -, 

Inthes~~c4tt~~~theV-s2~ped knive~.are. on{t~e . 
eridsof;.therotorheads.'Eilch. rotor. head Isa 
fabricate(!J:b.ox"lik;.fraw~.&.steelpJ1ite~):Che·rot()r 
heads ar.ekeyed in .~ •. stagg~red'patterI1.~pn .the 
r6torshaft., .Thi,s ,cQnstm1~tiQn,as·()pposed, t? 
Series.' I' &IIGilttersi~llowsthec"lt.materi~lt()be 
circulated.ihrOugh'the·.r()totheadslijthea:rr;s~rellxn, 
p1!odu'cedbY·ithe.rotOr, with n().risk' of;c1oggh~g . 
orjapllllingthe machh:).e. . . . .. . . .' . 

!":,'~:"'~ 
f"?,..~,' .' ~ 

~,~;"""c. ••.• . .. 
Heavy-d.utyrbtor sections and 

~ .~~_1iI 
]£u,gh,heavy;;r!J{tYCyart!iri:!f1h,ead;qn $el'ies TI,f·(JiJ,tf:ers· . 
lias two' specially designed hardened steel knives UJhich . 
cut against a series ofhard.ened steel stationary plates 
for maximum efficienc:y 

qllow. mq~ric#girculati()n. . 
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Seriesl] Cutters~'hu;y1tave'Speciq.r··swingdoors" to protect 
knives and throat barsfromtrainp,metal.;r<. 

Stationary Cutting Bars 
) ,~, 

Sel"ie~iaudIiCqt~rsha v~ straigh t~~dgedcutting 
blade$ofheavy~~ross,secti()n, mounted" il1"th,e, " 
h6usingparalleltothe axis of therQtor; Inad~" 
dition, ,Seri~s ", I Cutter can, ,be.prderedwith,an 
'optfonal ,auxiliarythroa tbar,moul1tedinthe,feed ~" 
opening,~itK'astrajght·, ,horizontal.knife':~dge 
atthebottom.' , ~ 

All: sta tionary~titting.bars,areadjtistableradiallY ~ , 
(in and out) ~ taiha, rotorkrtives\ to, prov:idethe 
moste:fficielJt ,clearance for tb.e mflteriaL'being 
processed. ~, In a,dd ition, alIsta tiqpary'cu tting,!)ars 
are readily ,removable for sharpening .' 

SeriesnIC~tt~l"S bavesegmeI1te(lstation~rycu~~" ~ 
ter ba.rsnlade ofa series, of V-sh.apedplates, ' ' 
The very slight clearance between cutting edges 
of bars and rotor knives"plus the V,shapedc()li- ' 
tour, provides the tearing aciionneeded to process , 
both dry and wet veneer efficiently. 

Safety-s~i~gdoors.'On special order, Series II Cu,t
ters may havetwoqrmoresaf~ty-releasedoors;Each, 
door is horizontl;i.lly pivQtedatthetoP;.Mdhas,a 
cuttingbarthe;£ull~~widthof the door. ,These ,are the 
initial stationary cutter bars. 

, Each, door is held shut by abrea.k~away .member;. ' 
When the· raw mater.ialinchidesa· piece of tramp 
metal~ too hard for,the·knives·tb~ctit;the'break~ 
away ,membersnaps'when:themetaLhits' the~ 
cutter,ba,r; and the ,door swings open to discharge 
the, tramp metal. Break~awi:lYmember~ ~areinex~ 
pensive andqu,ickly replaced. ~ , 
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Extra.;SturdyFrame ·and.Housing 

The, frame of,Mitts & Merrill Cutters isthe heavi~st 
in the indUStry. It is fabricated entirely of heavy 

. steelplate, welded atthejoints,andstress relieved. 
All designs provide forfioor· or base. mounting; 
To ex.pose the top halfofthe rot()r for cleaning and 
knlfe~ch:imging, the entire upper assembly is re
leased simply by rem.ovingtwobolts,. and can then 
be swung toward the . rear t6expose the rotor: 
There is ample working room for adjusting or 
removing. the kn\ves. 

Series I Cutters are provided with an additional 
clean~out do()r at the front for easy access t<;> the 
loWercutting'Qar. 

0-,"' < 

Series UClltter~J,:nay be ordered with safety swing 
doors aiithefrbntTheseare opened autoroatiGally 
wh'en tra:n1:pmetaltoQ hard to be cut is ingested in . 
the cutter. These safety swing doors also make 
the interior readily accessible. . 
All frames can be clad with abrasion-resistant and 
corrosion-resistant coatings. 

Water-cooling available. For Series I Cutters, 
water-cooling jackets can be applied to minimize 
undesirable heat build-up of material. 

. ScrQens:Ptovide CI ose/SizeContrO [. 

.. Screenscan ,be'. furnt;hed fot;the. cutting~haD?-ber.' 
. of all Mitts & Merrill Cutters.rhe screen perf()l'a- . 
tlopsser'le . to·· prev~nt"tlietUsphal'g.e o£mateI'ial;' 
ip-processJ8:rger than Jliefi~ished· SIZe .·d.esi~ed; 
Size ranges ate fromO;·045 i, to 3"diaIlleterperfora,.; 
tiona;'" 

All .scre~nifaresem.i~cylinders. of perf()ratedplat~, 
with: Ii choke of,catbohj.alloyandstaiJilElssstee1s~ "'"".: ..... , .... >: .... ' .•... ;, ... , ..... ' . >.' '.;. 
A.ColT,lplete screencliangEltakesonly about<iive 
rriin\l:t~s.· . . . 

"Kiiife,alld cuttblgbarmaterials for ev.er'y job. . M:itt~ 
&. :.l\1e.I'~$1J9lf~rs ",a . sE;l,1~c:tiqItofr6tatlng ~RJ.lif'e·and 
'clltting~:bar~aterialsto suit Elyerytequite1l}ent;.. .' 
. These~jnc:l\ld¢i'-tool.steel,liigli~c:aibonhigh- . 
chrQin.e:ist~eli.~incl :k,nives.flame-coatEldwith{J,iPra-' 
sldn'teS'istiirif'matedal./ ';".;, 

, ' . Frame dndhou$i~g of all 
Gutters are o/heavy . steel plate 

and welded construction 

Water-coolingplate.coil 
does not touch ina~riQ;l, 

keeps macihine cool 
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Choice of Feed Arrangernents 
., Mitts'&MelTillS~ri~sI:andII CutterS are gravity~ 
ferl'."Series.I\n~ Clittersareh.oti~ontally fed. In 
addition, these cutters} can . b'e ,p:rQYi4edJ1i~ith. a 
vertical',hopperor. ,horhontalJeedi,table. ,All hop~ 
pers have ~~~aJetyswi.ng·dC?9J,"to::p~event,flyback 
ofmaterial·froIn.theitotorchlUnber~.", " .,' , " 

>.- .: ~. 'oo~., 

Horizontal'in~feell:co~v:~y~r.s~tiesiIl:dutt~~s,.can. 
be furni~lled.;Witl1~:~J;}Qfiio~t8.ff'~e~;.attange~ent" ' 

shown int~~illu~tra tion .. >Th~< ~olle~Jeed.mechli
nism' p'rovides ,for moving: odd~sized pieces of wet 
veneerfrolttcross cO'nveyorto; cutti~g<.cha:mber; . 

Choiceofmoortting arrangements. < A Ii, Mj ttl:l'&' 
Mertill'Cutters, are furnished;· with Ii',. ,base; In 
;:l.ddit~on,;~st1b.~b~e clin' pe· p:rovided.for:.'<l);uni~ 
tizingtp.e.Jirive,'9o,tir~~witlith~clltter;".,(2)'CQnne'c~ 
.tiqJl. J<i'lin.a.ir, cop.yeyor.sY13teWl and(3} bottom 
dischargetoc()nyeyor: or ,hopper. ' . 
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Here'stheone.sure way to see for yourself what 
Mitts & MerrillCutters can do for you: . 

Send us a sample ~fthema1;erial that you wantt~ 
reduce~and tell us the desired maximum size 
after reduction. As an initial r~commendation, .we' 
suggest YOu' ship us 50 to 100 Ibs,ofmaterial for 
our prelimiilary testing. We will promptly process 
your. sampl~a:r,d rettirn it for. your, evaluation. 
All recommendations wilL include . ~he horsepower, 
drive requirement, the si;z;e and type of. cutter 
machine, the J?roduction Ibs./per hr. rates you 
can expect arid I partitioning agents needed or 
peculiarities in handling your materiaL We can 
then offer you, our test laboratory facilities for' 
complete volume testiilg under your visual inspec
tion. 

Mitts & Merrill Engineering for 
Materials Handling 

!fa fully automated i>ystem is desired and you will 
provide us the needed facts about your present 
production facilities and requirements, we will 
recommend auxiliary handling equipment ... a 
complete materials handling system engineered to 
do the job most efficiently. Our engineering experi
ence includes both air and mechanical equipment 
for. the feeding and removal of material in process. 
For example, in air-conveyor systeirisfor handling 
material in process, our engineering has included 
matched blower, cyclone separator and all ducting. 

R~cent typical examples of engineered components 
for leading manufacturers: 

• Horizontal infeed material coiweyor 
• Custom designed feed hopper 
• Partitioning' agent monitoring device 
• Waterspniy manifold system 
• Custom ground & specially coated flying knives 
• Hard weld. stationary knife applications 
.' Armor-plate cladding or corrosion-resistant 

. interiors 
'.Stainless or alloy perforated screens for inten

sive product sizing 
• Custom designed mounting base and unit base 

for motor mounting and unitizing material 
reduction cutter with' drive unit 

• Air discharge system including fan, blower and 
all ductwork . . 

• Filtering system at exhaust end of cyclone 
• Perforated screen vibrating conveyor system to 

separate solids 

U 10 

Virtually every type of material that requires size 're
duction has been tested in the Mitts & Merrill research 
laboratory . 

Other Mitts & Merrill 
Materials Reduction Cutters 

Plastic Granulators. These machines are designed' 
specifically for grinding plastic materials,both 
new and scrap, to precise size for batch mixing .. 
Granulators feature high throughput, low heat 
buildup and quiet operation, plus speed and ease 
oLbetween-batch cleaning. For more details ask; 
for our bulletin on Plastic Granulators. 

Brush Chippers. Portable Brush Chippers are 
trailer-mounted, diesel· or gas-engine powered 
machines that reduce tree limbs and o.ther brush 
trimmings to chips, which. 8,re blown from a dis
charge chute into the truck, These machines are in 
nationwide use by arborists, municipalities and 
public utilities. For full details ask for the bulletin 
on Brush Chippers, 



,Mitts8(MQrriHAlsoEngineers .;' .'. 
'Custom.Desigl1ed>CuttersforSpecifi~~l\Ieeds 
'~ . - ,~- . , - - .. 

OiIrehgine~ring. experience in,matetial' reduction 
andfelilted.eq'uipment areas permits us to provide 
a.futly .... integrat~d, ..• Gr~a tive,;engineeritlg ~ervice 

we're geared, staffed and equipped to design 
for you the. hlQsteffident and complete materials " 
reduction system, however complex or new your 
requirements may be. 

. involying,itn~cessary, the custptnde~igning of ' 
specialized cutters an&related handling·.equipment , 
.int(rfully·'~utomated·systemsthat.tie;.iritoydur 
presentot'planriedproduction raCiUfies.Bfing , 
your ,ptOblern;,orplans to our engineering,force.· 

Customerservic",.Mitts&MerriIl also can Provide 
dire9t factpryservicein your own plant .thr'bugh 
ourffeld.·flngineerswlioarefullyqualifiedito solve 
propuctipn problems, A large selection of Spare 
. parts, screerisartdkriives ismairitainedat strategic 
locations in the field forshlpmEmttootlr customers; 

",- - 'r.; . ... . _,' -- '-' 

Typical Users of Mitts & Merrill Cutters 

, Plastics 

E. I. DuPont 
Parlin; N.J. 

Naval Ordnance Station'"""" 
Indian Head,Maryland, 

Koppers.Company' 
Mexico .City,Mexico 

B:F. Goodrich Co. 
Marirtta; Ohio . 

,Coleman Wi re & Cable 
River Grove, Ill. 

American'Can Co. 
Neenah, Wis. 

Dow Chemical Co. 
Gales Ferry, Conn~ 

EastrrianKcidakCo. ' 
Rochester, New York 

Texas Eastm:,mCo. 
Longview, Texas. 

Celanese Plastics Co. 
.Hollston,.Texas. 

Tote Bulk Handling 
Burnsville, Minn. 

CarloI} Products 
Autora;Ohio 

General Tire.PlasticsDiv. 
ColUnibus, Mississippi 

'--~~cc---", - -- - --------------- -

Rubber 

General Tire & Rubber Co. 
Columbus, Ohio ' 

Haveglndustries 
Wilmington, Delaware, 

Avery Label Co. 
Monrovia, Calif; 

Coleman Ca:ble & Wire Co. 
Ri ver, Grove, Ill. 

Garlock; Inc. 
PaIr~lYra, New York 

Goodrich-Gulf Chemicals, . 
_ Port Neches; Texas 

. Gates Rubber Co. 
Deinver;Colorado 

FassonProducts 
Cucamonga,Calif. 

MorganAdh~sives 
Stow,Ohio 

GoodyearTire & Rubber'Co: 
Houston; Texas 

Goodyear Tire & Rubber 
Beaumont, Texas ' 

Firestone Synthetic Rubber 
Lake Charles, La. 

Ford Motor Co. 
Shreveport, La. 

Fire~tone Tire & Rubber 
Akron,Ohio 

Humble Oil & Refining 
Baton Rouge,La; . 

Wood 

Natio.nal GYPsul!l Co. 
Mobile,Alabama 

Roy 0; Martin Lumber Co. 
Alexandria, La, ' 

Ternstedt Div" .GMC 
Detroit, Mich. 

Riggs Vel)eer Co. " . 
Pulaski, Virginia 

Birchw.ood Mfg. Co. 
. RiCe Lake, Wis •. 

Wisconsin Timber & Land 
Mattoon, Wis, 

Ford Motor Co .. 
"shreveport, La. 

Staniforth Lumber &Vel)eerCo. 
Kiosk, Ontario 

.Burkeville Veneer Co. 
Burkeville, Virginia 

NutoneWoodCarving, Inc; 
Bingham, Maine ' 

Georgia Pacific Corp. 
Conway, N.C. 

Co~solidated Paper, Inc. 
Wisconsin Rapids; Wis. 

c.cOl. Forest Products Div: 
Munising, Mi. 
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Mitts &M'errillprovides a complete cutter 
application service-Summary 

1. Broad experience throughout industry in material reduction-over 80 
. years of cutter manufacturing know-how. 

2. 'If your material is adaptable to reduction by rotating (flying) kniy"~~, 
Mitts & Merrill can recommend how to do it more efficiently, more 
profitably, whether it's an end-product, in-processing or scrap-savipg", 
application. '. 

3. Your production capacities, whether measured in pounds or tons, can 
be handled faster, better with a Mitts & Merrill Cutter ... the power' 
capacities of our various models-20 to 500 hp.-gives you greater 
selection. 

4. Versatile equipment-your desired material reduction may vary from 
3" to 4'( chunks, down to grained size, ~" in diameter. 

5. Complete engineering service ... from machine recommendation to full 
system designing ... our bank of diversified experience is·your assurance 
of a more profitable material reduction operation. 

6. Test facilities at our plant permit you to observe, time and inspect your 
material being processed on a recommended cutter before you buy. 

FOJ: further information on our test-facilities service, engineering service and 
products, write to Mitts & Merrill, Inc., 109 McCoskry, Saginaw, Michigan 
48601. Or telephone (517) ,752~6191-or contact our distributor near you. 

© Copyright 1,983 Mitts & Merrill. Inc. 
All rights reserved, 

SUBSIDIARY ~ National Corporation 

Mitts & Merrill 
109 McCOSKRYSTREET, SAGINAW, MI 48601 

(517) 752·6191 • TELEX 227·460 • Cable MAMSAG 

Printed in U. S. A. 

..... ; ........ _. __ . _J 
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EconomicSummat:'Y, ,,~F,e,~d ,Cpl').veying, <;ri:noing 

1 ) Modified' System (ess~ritial) 

2 ) 

a. Estimated Construction Cost 
b. Design Cost at 6 % ' 
c. SIOHat5% 
d. Additional Costs - studies, fi.eld 

verification" etc.at1 0% 

Total,Cost 

RE!design System (desirable) 

a. Estimated Construction Cost 
b. D'esig!) Cost at 6% " 
c,. StOH at 5 % 
d. Additiona:lCcfsts- studies, field, 

verification, etc. at 10% 

$172,000 
10,332, 
8,610 

,17,220 

$298,362 

$274,200 
',16,452 

13,}10 

27,420 

Total Cost $331,.7a2 

Notes: 1. See Appendix for backup cost data .. 
2. These costs include Desig,l'). and Construction 

only, and not, proveout and commissioning 
costs. 

3. Since Increment I and Increment II processes 
use essentially the same equipment, costs have 
not been attributed to either. 
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EvaluateSlurxyweighfng,. Cbnceri'trating, Holding, and 
Slurry Feed .. Systems, and DevelbpModificatJons to Slqrry 
weighing, Concentrating, Holding and Slurry Feed Systems 

Geheral. Afterthe'~ropellant hasbeenp~Ocessedbythe 
conveying and grinding. system the "propellantisturned 
into a . slurry tcr be handled. by the slurry system.' The 
slurry system was installed in two iriqrements. (Increment I 
and In crementI I.). Both increment's have been i nstall.ed 
with all necessary tanks , pumps,.· piping, controls and 
instrumentation .... ,.' . 

The m~jorpieces of equipment. of both <systems consist ·of ' 
16 tanks, (7 oftpesewith ag itatorsJandl~~pumJ?s. 

The slurry system is. for, the storage of propellant in 
slurry form until readyfbrdisP9salof eitherby'wet air 
oxidation or "fluidized bedincine,ratloo i assuming both 
thes~disposal systems to be functional. 

Slurry SYstem Components-Increment I 

1) 
2) 
3) 
4 ) 
'sr' 
6) 
7 ) 
8 ) 

Density Transmitter OF'lOO ," 
Slurry Weigh TanksT'-103A & B 
Overflow Tank Transfer, PumpsP':"102 
Slurry Transfer Pump P-I03 
Slurry St'orageTanks T--I04A, B& C 
Agitators A-100A,B& G for Storage Tanks 
Slurry Pumps (N.I.C.)2 
Slurry Overflow Tank T-IOS 

Summary - Increment I 

The tankage, piping, pumps, instrumentation and controls 
which make up this system are relatively conventional, and 
have been used for similar functions many times in the 
past.· Although the slurry consists ofpropellant<and 
explosive, which must he handled carefully, no significant 
technological gaps exist preclude successful operation~ 

~he are~s of concern. which may result in problems under 
operating conditions are difficulties due to slurry . 
settling out .in .piping with resultant line clogging, and· 
use·, of'centrifugal pumps. It is understood that NOS has 
used .this type ofpurnp in the past with success, but 
pumping will nevertheless have to be proven in operati9n~ 
The piping systems have been designed and installed with 
care, and provisions have,beeilmadefor lirie flushing to 
prevent Eropellant from remaining in lines to dry. Nearly 
all pipes have been connected in some way to provide' 
maximum versatility~ 
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This could resultinopetator confusiOn and ih~r~ases the 
chanoe fOr error in valv'e settin9, etc. It appears that a 
relatively large amount of Operator attention' will be 
required. 

To conclude; however, compared to the technological gaps 
which exist in other areas, this portion of the PDF is 
straightforward and after a certain amount of learning 
should operate properly. Additional changes required 
should be minimal. 

Descriptidn ofPr6cess r Increment.! 

The Shredder Building 1569 containing the equipment which 
reduces solid pieces of waste propellant,to the size 
necessary to form a slurry when water is added. Slurry 
equipment in Building 1569 consists of crusher tankT-IOl, 
dewatering pump P-lOO,dewatering Screen H-lOO, slurry 
tank T;"102, slurry Pllmp P-lOl, piping,coritrols and 
instrumentation. All othei equipmen~ relating to the 
slurry system islbcated in Building 1570. The slurry is 
created by the'equipment in Building 1569, then 
transferred by slurry pump P-101 to slurry equipment in 
Building 1570 for storage~ 

Slurry pump P-101 transfers the propellant slurry from 
slurry tank T-102 to slurry weigh tanks T-10]A or T-103B 
located in Building 1570, passing the slurri through a 
gamma ray density transmitter DT-100before the slurry 
enters the weigh tanks. 

In the weigh tanks, slurry density is established for 
storage, then transferred by the slurry transfer pump 
P-l~3 to slurry s~oragetanks T-104 A, B, C (all with 
agitators). or slurry ov~rflow tank T-105. Slurry from 
overflow tank T~105 can be tansferred by the overflow 
transfer pump P .... l02 to any tank in the Increment I 
installation. 

The processed slurry being stored in the' storag.e tanks 
T-104A, T~104B; T-l04C would be continuallyagitated~ntil 
ready for disposal. When ready for disposal, .the slurry 
would be' pumped by two slurry transfer pumps to the 
disposal system (either Wet Air Oxidation or Fluidized Bed 
Inc i ne.ra t ion). 

Evaluation of Slurry System Componenets~ Increment I 

Tank T-101 and T-102 plus pumps P-10Q and P-101 have been 
evaluated in this conveying and grinding section of this 
report under Evaluation of Components. Therefore, refer 
to that section of the report for ~hese components~ 
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1) Den!3ity;Transmitter,;'PT;"100 

De,scriptiQri~ Thisu~it;is .' (;t; glass,Tineq, tee-shaped 
spool section mounted in the pipeline tothew~igh 
tanks. The unit has a 1-1/2'" .150 pOlmdflanged inlet 
and'9utlet.<The:>dEmstty:of thepropel1aht slurry. 
flowing through;thetransmitterwould be measured by 
tpeuseof a;9Cimmaray .. 

Evaluation. Althqugh ne'vertested,tfiis unit .... should' 
operate e.ffectivelybecause this is a commOn way. of . 
deterimining the densit¥ of a sl urryfloWin9' thrpugh·a 
piping . system~' ... ' 

, .. '.-" 

potential~ModifJcations. 'antj.cipated • 

. 2) $lur~tyweighTanksT~103A & B 

pescr:i.Ption. 'These are.v:ert:. ical;· flattop', cone 
bottom~tanks,.·3~-:,6" O.D •. by 9'-O'~ straigl1t sidew.ith 
four mounting. lugs equally spaced. The· nominal 
capacity i s;650:gallons.. .' These tanks. are fabricated 
of 316 stainleflsstee.1 with. cari:)(m steel lugs. The 
top hasareinforcing ring with bolted cover.. on the 
top are three 1-1/2" nozzles .. On the shell is.one 
three-inep: no.zzle and in·.the center of the cone bottom 
is a 1-1/2"·nozzle •. All .nozzles have 150 
Ib~ flaryges.··· . 

Slurry is introduced into two of thetopno;?:zles from 
slurry transfer pumps P-iOl and P-I02.· The third 
1~1/2" .nozzleisa,spare.The 3": nozzle. in the side 
-shelL is for slurry' overflow· pygravity:tooverflow 
tank T-IO.5 •. FroIn the bottom 1-1/2" ,nozzle" slun::'Y is 
tra.nsferred'. to the.: storage tanj{sby transfer pump 
{):-lOJ •. Tank contrQls.andinstrumentationfor eaCh 
tankare.minimal, .consistingoffol,lr weigh cells· (one 
'under each tank mounting lug) and flow confrol valves 
onbottom.conel-l/2" nozzle. 

EvaYuation~As instaJ..led, the. weigh tanks should 
tuJ:fi1.1 the fUnction . whichtpeywere designed to' 
perform •. '. 

:" . 

Potential Modifications. None recommended atthi-s 
t fme. 
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3) Overflow Tank Transfer PumpP-I02 

O~scription.~his is a horizontal centrifugal pump 
with a pumping capacity of 33 GPM at 31.8PSl TDH 
driven by a 3500 RPM electric motor. The pump is 
constructed of 316 staihless steel throughout and 
mounted upon a carbon steel bases The manufacturer 
and pump model number is unkno~n at this time. This 
information will be determined during the final field 
visit. 

EVal;uation. The function of this pump is to pump 
propellant slurry from overflow tank T-I05 to any 
other selected tank in the Increment I system. This 
is accomplishec] by manually-operating the valving in 
the piping system. Control for the pump is manual 
start/stop switch. This pump can empty. the overflow 
tank in approximately one hour which would appear to 
meet the slurry system design criteria. Pump must be 
certified for use with hazardous slurries. 

Potential Modifications. None anticipated at this 
time. Pump's suitability for pumping hazardous 
slurries must be determined. 

4) Slurry Transfer Pump P-l03 

Description. This pump is a Gould horizontal 
centrifugal model No. 3196 constructed of 316 
stainless steel and mounted upon a carbon steel base. 
The pump si ze is 1 x 1-6 with a 4.81'.' diameter 
impeller delivering 44 GPM at a 19.8 ft •. TDH, and 
powered by a Westinghouse·l HP, 1750 RPM motor. 

Evaluation. The purpose and funciion of this pump 
would be to transfer the propellant slurry from weigh 
tanks T-103 A & B to storage tanks T-104A,B & C or 
overflow tank T-IO~~ The weigh tanks with a capacity 
of61?O gallons, and this pump with the capability of 
delivering 44 gpm could empty one weigh tank in 15 
minutes or both weigh tanks in 30 minutes. This type. 
of per.formance should satisfy the slurry system 
requirements. Control 'of the pump would be by manual 
start/stop switch. Pump must be certified for use 
with hazardous slurries. 

Potential Modifications. None anticipated at this 
time. Check pump's suitability for pumping hazardous 
slurries. 
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.5) Slur.ry storage TanksT-l04A,B<& C 

·Description. These are vertical tankswi~h~a dished 
headt6pand bottom, supported by four structural 
steel legs. The·tankS are 6' .... 0 II 'O~D. and ai-oil high 
on'the straight side with a nominal capa.ci ty' of 2000 ' 
gallons. Internally on. the vertical.shell ar'e mounted 
four 1/4" thick x 2" wide x 7...;;10 " high baffles spaced 
90° of each other.· Inthe;tophead are three 1-1/2" 
nozzles (in the center for an agitator) and one 1/2" 
coupl ingwi th pI ug.In the. shell are one 24" manhole·' 
and a, 6"'idiameter hole for a level instr.um~nf.spud. 
In .. the center of <the bottom head is a 1'"'-112" tee 
nozzle with side<1'"'-1/2" nozzle 6f 'the tee blanked • 
All nozzles are 150 lbs.' flangedexceptthemanway 
whichis,per the drawings. The. tanks are fabricated 
of 316 stainless steel. with the structural legsofA36 
carbon steel. 

,Evaluatioh~~ The purpose of these tanks are to store 
the propellant slurry prior to deposition. The tanks 
receiveslu'rry forstora·ge.from ,tr'an.sferpump P;..102 
which would pump the slurry from ov,erflow tank T-105 
and transfer pump P,...103 which woUld pump the slurry 
from weigh tanks T-l~3A & B. The storage tanks have 
agitators. When slurry is stored"in·Ehe tanks, the 
slurry is continually agitated to prevent settling~ 
however i· unless'ag itation is very' good; propell ant 
could settle,out in 1 1/2" bottom outlet. When the 
slurry is to'be disposed of it would be removed by one 
of two transfer pumps through the bottom 1'"'-1/2" center 
nozzle to the disposal system (Wet 'Air Oxidation or 
Fluid ized Bed Ihcinera."t ion}. 

Instrumentation and 'controls for each of· the storage 
tanks consists of remote control valves on:both top 
1-1/2" slurry inletpipe1iries and the bottoml,...1/2" 
outlet pipe line. In the side of the tanks isa level 
transmitter, level. indicator and high/l()wleve1 
signal. . 

These three storage tanks have a totalcapacHty of 
6000 gallons of propellant slurry~ .Assuming the 
propellant· would be. disposed of by wet Air. Oxidation, 
it would take approximately'lO hours to dispose of the 
600~ gallons of slurry. Therefore, to continue 
operationforoneweekasplannedrtew sll.lrrymust be 
prepared while oxidation is taking place." 

Potential Modifications. Addition of air or water for 
flUidization of settled propellant at 1 1/2" bottom 
outlet nozzle would be desirable especially prior to 
pumping. Tee currently exists which could be adapted 
to this purpose. 
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6) Agitators A-IOOA, ~~ C 

Description. These agitatorsmoun.t upon the 10" top 
center 'nozzle of$toragetcanks T-I04A, B& C. All 
parts .oftheagitators wett~d by propellent' slurry are 
of 304 stainless steel ~ the other components,' housing 
drive, etc. , are of carbon steel. The 'agitator axial 
~low impellerwol;llpturn,at 100 RPM through a right 
angle spiral. beV.el and. hel lcal combination gear 
reducer) driven by a'l,O liP electric mOtor •. The 
manufacturer anq agitator, mOdel number, is unknown at 
this time, This information will be determined during 
the. final field viSit. Control wQuldbe, by manual 
start/stop button Or switch. 

Evaluation ~I:ld. PQtentialModifications. These 
a.gitatqrs have n~ver been OPerated with the tank 
filled with a i;)]::opellant slurry. It would be fair to 
assume the agitators would perform the job,required. 
If and when the agitators are operated under actuai 
process conditions, it may be necessary to make some 
modifications blltat this time, none anticipated. 

7) Slurry pumps (N~I.C.) A and B 

8) 

Description. These pumps are Durco horizontal 
centrifugals, model. Mark II constructed of Alloy D 
(316 stainless steel) and mounted upon a carbon steel 
base. Each pump is ,size 1 1/2 x 1 6/76 del.ivering 50 
GpM at a 255 ft. TDH, and powered. by a Westinghouse 15 
HP,3515~PM motor. 

Evaluation and Potential Modifications. The function 
of thesetwQ pumps is to transfer'. the propellant 
sl,urry from the storage tanksT-I04A, B &, C to the 
appropriate disposal system~ From correspondence 
~rovided, it is known that these pumps do not supply 
slurry to the high pressure WAO pumpsgt sufficient 
head at maximum flow. They will require replacement. 
From correspondence reviewed as part of supplied data 
package, specifications were prepared for purchase of 
replacement pumps. 

Slurry Overflow Tank T~105 

Description. Thi~ is a vertical bol~ed flat top, cone 
bottom tank supported by four equallyspac~d 
structural legs., The tahk i·s 6'-6"0.D. and 8'-0" 
high on the straight side, with a nominal capacity of 
2000 gallons. the tank is fabr·icated o~316 stainless 
steel and the structural legs are A~36 carbon steel. 
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In the flat head are five 1-1/2" nozzles ,two 3'" 
nozzles and one 2" nozzle. In the shell, on the side of 
the, tank'isa 6~diameter~61e for ~~evelinstrument 
spud. In the . center of Jl1f::c~:>ne bottom are two 1-1/2", 
nOzzles of ateeconfigurCltionwith thesiz€! nozzle 
blanked~' All nozzles are 150 ib. flang~d. 

. -, .-.. .. -, 

Evaluation. The basic func t:i. on of this tank is to 
receive excess propellant slUrry ~rom .. weightanks 

'. T-I03A'&B~ 'Frointhe weigh tanks, tl'le s:luxry transfers 
by gravityintothetwo3u t9pnozz~es~ "." Slurry water 

'flows, into the' tank,' through . one of the 1-1/2" top 
nozzleS. Three 0:1; the 1""1/2" top no?zlesare for 
recirculated slurry. The fifth top 1,..1/2" nozzle is 
blanked. Through the top 2" nozzle well \\7qter can be 
added. '. From ,the bottom conel-l,l2"j 'nozzle the slurry 
is pUlllped, by slurry~ransfer pumpP-I02 to the slurry 
storagetanksT-l04A,B and' C,or any otlier tank ~nthe 
Increment I Slurry System. ' .' 

Tank controls arid instrumentationc6nsists of a 
contro'l valve on the weliwater pipeline, the 
recirculating slurry line to the storage.tanks and the 
bottom ~ine to pump P~102.0h the side shell through 
the instrument spud is a level transmitter, level 
indicator arid a level high/low signal. 

This tank, with a capacity of 2000 gallons, has the 
capabili ty of holding three weigh,' tanks of slurry, 
which apparently is more than adequate to satisfy the 
slurry ~ystem requirements or balance. 

Potential Modifications. This tank, with a 2000 
gallon ~apacity, and no agitatiQn, offers .tl'le , 
possibility of propellcillt settling out oftlie slurry 
r fit. is retained for . any 'length of' time .. Perhaps 
addi ng'an agitator, should be aeons ideration. . 
Howev'er,thiscan only be determined by putting the 
slurry System' into operation. 

Slurry Systems'Compone'nts -Increment:· II 

1 ) 
2 ) 
3) 
4) 
5 ) 
6) 
7 ) 
8 ) 
9 ) 

1 0 ) 
,11) 

Density Transmitter DT-851 
Slurry Weigh TanksT-873A &<B 
Slurry Transfer Pump P-8T3 
QP Slurry Storage Tanks {T-874A, B" C & D} 
Agitatorsk-H74A, H, C &Dfbr CP Storage Tanks 
CP Slurry F'eed Pumps, < P-874A & B 
Slurry Overflow Tank T-875' 
Over~low Tank Transfer Pump P-875 
HEP Slurry Storage Tank T-854 
AgitatorA-854 for REP Slurry Storage Tank 
HEP Slurry Feed Pumps P-854A & B 
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Summary ~ Increment II 

Th~ conclusions. drawn regarding Increment II are 
essentially the same as for Increment I.. Please refer to 
the previous section • 

Description of Process Increment II 

The slurry equipment in Building 1569 is common to both 
increments. Slurry pump P .... 102 would also transfer the 
propellant. slurry to the Inc'rement. II installation, 
Building 947B. The slurry would be pumped £rom slurry 
tank T~102 by 5l.urry pump P .... 101 to slurry weigh tanks 
T...;.873A or T-~73B located in Building 1570 passing the 
slurry through a gamma raydehsity transmitter DT-851 
before the slurry enters the weign tanks~ In the weigh 
tanks, slurry densit.y is established far storage then 
transferred by slurry transfer pump p-873 to composite 
propellant (CP) slurry tank storage tanks T-874A, B, C, D, 
or high energy propellant (HEP) slurry storage (a~l with 
agitators) depending upon the type of propellant slurry 
processed. Slurr¥ which is put into slurry overflow tank 
T~854 from thi weigh tank can be transferred by slurry 
overflow· transfer pump p-875 to any other tank in 
InCrement II installation. 

composite propellant (CP) slurry is stored and 
continuously agitated in storage tanks T-874A, B, C and D. 
When ready for deposition, the slurry would be pumped by 
composite propellant (CP) slurry feed pumps P-874A andB 
to the disposal system. HEP slurry is stored and agitated 
in HEP storage tank .T-854, then pumped by HEPslurry feed 
pumpsp-B54A and B t~ disposal system when ready. 

The complete slurry system has been installed including 
90mponents,'piping, con.trols and i,nstrumentation. 
However, the system to date has not been tested. 

Evaluation of Slurry System Components Incremen,t JI 

1) Density Transmitter DT-8Sl 

This unit serves the same function in Increment II 
installation as DT-l06 serves in Increment I 
installation. Refer to Item 1, Evaluation of Component 
Increment I. 
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2) Slurry Weigh Tanks T-873-A &.B 

Description~ These are vertical fl~ttop cone bottom 
tanks, 3'-6" 0.0. by 9'-0" on the straight side with 
four mounting lug s equally spaced .; The nominal 
capacity is 650 gallons. Thesetariks are fabricated 
of 316 stainless steel <with carbon steel. lugs. The 
top has rein£orcing ring with bolted cover~ On the 
top are . three 1-1/2" nozzles. On' the-shellside is 
one 3" nozzle. In the center or the cone bottom is 
one 1-1/2 11 nozzle and.' on the side of the cone bottom 
are ,two 1" nozzleswith~one of these nozzles installed 
at 45·" to · the verticaL centerline of,the tank. All 
nozzles have150.1b~ AsAflanges. 

Evaluation and Potential Modi£icatiOns. These tanks 
are installed and are of the same s1 ze as. the, weigh 
tanks. of the IncrementT installation. Therefore, see 
Item 2 of Increment I Evaluation of :Systeril 
Components. 

3.) Sluri:y Transfer PurnpP-873 

Description. This pump is Durco horizorital 
centrifugal model Mark II constructed O,f Alloy 0 (316 
stainless steel) and mounted upon a carbon steel base. 
The pump size is 11/2 x 1 6/45 delivering 50 GPM at a 
75 ft TOR, and powered bya Westinghouse 3 HP, 3515' 
RPMmotor~ 

Evall,1ation.. The purpose and· fUnction of this pump 
would be to transfer theprope,llant slurry from weigh 
tanks T-873A &B.tOCP·storagetanksT-874A, B, C, & 
0, HE~ storage tank T-854, or ove~f10wtank T-875. 
This pump has the. capacity to empty one we'igh tank in 
approximately 13 minutes or both'weightanksin 26 
minutes. .considering thei·xateat whichpropel1arit 
slurry can be prodUced, thi~ pump ha~ more than 
adequate capacity~ . 

Control of the pump isby manual start/stop button or 
switch. Pump needs further study as to adequacy for 
pumping hazardous slurries. 

None·atthia time; 
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4) CP Slurry Storage Tanks T-874A~ a, c & b 

Descrip.tion. These are vertic.altanks with a dished 
head top and bottom supported by four structural steel 
legs~ . The tanks are 12'~0" O~D. by 14' -0" high on the 
straight side with a nominal capacity of 11,700 
gallons. Internally on .. the vertical shell are mounted 
four 1/4" thick x 2" wide x 13'-10" high baffles 
spaced 90°o.f eacho.ther.ln the top head are three 
1-1/2" nozzles, one 2· nozzle, one lS" nozzle (in the 
center for an agit.ator) and one '1/2". c:<mpllng with 
plug. In the shell are one 24" manhole and a 6" 
diameter hole for a level instrument spud. In the 
center of.the bottom head 1sa·).-1/2" by l"tee 
nozzle, the side 1" nozzle of the tee is blanked. 
Also in the bottom head is a 1" nozzle set at alSo 
angle to the vertical centerline. All nozzles are 
).50 lb. flangedexceptthemanway which is per the 
drawings. The tanks are fabricated of 316 stainless 
steel with the structural legs of A36 carbon s·teel. 

EValuation. The purpose of these tanks are to store 
the propellant prior to disposition. Slurry for 
storage WOUld be pumped by transfer pump P"';S73 from 
weigh tank T-873A & B and also by transfer pump E.S75 
from overflow tank '1'-S75.. The storage tanks have 
agitators. When slurry is stored in the tanks, the 
slurry is continually agitated to prevent propellant 
from settling out of the slurry. When the slurry is 
to be di sposed o:E, itwou.ld be removed by one of two 
transfer pumps P~S74A or B through the bottom 1-1/2" 
center nozzle to the disposal system. 

Instiumentation and controls for each of the storage 
tanks consists of a remote control valves bn both top 
1~1/2" slurry inlet-pipe lin~s and the bottom 1~1/2" 
outlet pipe line. In the side of the tahk is a level 
transmitter, level indicator,-and high/lOW level 
signal • 

These four storage tanks have a total capacity of 
46 r 800gallons of propellant slurry Or approximately 
97,600 pounds of propellant at 25% by weight. 
However, the explosive limit for the building as 
located is only 30,000 pounds; therefore, all four 
slurry tanks .could notbe£illed simultaneo~sly. 
Assuming the propellant would be disposed'of by 
Fluid ized Bed Incineration at 1000 pounds. per hour, it 
would take 30 hours to dispose of the 30,000 pounds of 
propellant. ' 
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with this amount of.propel1ant\.stofagecapaqity, the 
FBI system could not be operated for five days with 
appro~imat;:ely 20 h'ours; of productive operation per 
day, which ,'was the¢/esigngoaL unlessslurt'Ywas 
cot'ltinually,'prepared.whilebeing :incinerated~ 

MOdifications. None at this<time. 

5) Agitators 

DeSct" iption, EVcH uation ,and. P9ten:tialMod ifications.·, 
'1'heseagitatorsmount uponthe't.opcenter 18'" nozzle 
oIl.storag~tanksT"'874A, B, C &' D~ Tl:1e~e acJitators 
will~furnat'68 RPM and be driveh by '·a50· HP electric 
motor. 

See Item 6 of, Increment LEvaluation of Slurry System 
'Components forda.t:a,pe}:"tainingto the agitators'other 
than tha t given apQve. .. 

6)' CPSlurryFeed Pumps P-8.74A.& B 

De~cription.Thesepamps~re Dureo horizbntal 
centrifugal model Mark II, constructed of Alloy D (316 
stainlesssteel)and,'mounteduponacarbon steel base. 
Eachpllmp. is, size 2 x, 1 ,10/86 delivering 50 GPM at a 
308 ft. TDH, .and poweredbya westinghouse'40 HP, 3505 
RPM motor. 

~valuationandPQtential ~odifications. The purpose 
of these pumps. would be 1:0', transfer the propellant . 
sl urry from the storage tanks.,T-8.74A,'s"C, & D fbr 
disposition by the Fluidized Bed Incineration System. 
pumping at, a rate of 50 GPM, ... the';actua,lpoands of,,' 
prOPellant in the slurry ,beingdeI'iv:eredwould be 
aPPl:'()xim.ately,J 04 pounds per minute. The FBI can 
dispose of the propellant slurry; ata .rateof 
approximately 8' GPMaI'id,about<17 pounds ,per minute' of 
propellant. It. appears each pump can deliver over six. 
times the amount of)waste than could bed isposed of so 
recycle to the storage tanks will.be required at all 
times •. No modifica:tionsrecqmmended at this time. 

7) Slurr:y:OverflowTank,T...;.875 
. . 

'I'hJs.tank .'lsthesame,consbruct.io'n, size,and; capacity 
as. Slll1:."ryOverflo,wTa,nkT~I05 of. Increment I, .. Cornponen t' 

- ·--Evaruation~-Tftepurpo-se:-and'fi.inct.Ion. oT~tTils tank is 
also the same as T'"":'105. The comment;.s-inItem 8 of 
Increment I 'Component Evaluation would apply to this 
tank. 
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8) Overflow Tank Transfer pump P-875 

9 ) 

De$cript"ion. ,T~ispu~p'is ,a Durco horizontal 
centrifugal model;Mark:II,constructed of , Alloy D (316 
stainless steel) and mounted upon a carbon steel base. 
The pump size is'lt/2 'x 1 6/52deliverihg 36 GPM at a 
105 ft.TDH, and powered by a westinghouse 5 HP,' 3505 
RPM motor. 

Evaluation. The function ,'of this pump i sto pump 
propellant from Overflow Tank T-875to any other 
selected tank in the 'Increment IT syst:em. Control for 
the pump is manual t.start/stopswitch. This pump can, 
empty the overflow tank in approximately one hour, 
which would appear to meet the'slurry system design 
criteria. Pump must be certified for use with 
ha:tzardous slurries. " 

Potential Modifications. None anticipated at this 
time. pump's suitability for pumping hazardous 
slurries must be determined. 

HEP SlurryTankT-854 

Description. This is a vertical tank with a dished 
head top and bottom with four structural supporting 
legs. This tank is 5 1-6" O.D. by ~I-O" on the 
straight side with a nominal capacity of 1080 gallons. 
The tank is fabricated of 316 stainless steel with A36 
carbon steel legs~ Internally on the straight side~~re 
four baffles 1/4" thick by 2"'wide by 51~lO" high.'" On 
the top head are three 1-1/2" nozzles, one 2" nozzle, 
one 1/2" coupling and in the center a 10 II ag itator 
nozzle. In the si~e of the tank is a 24" manhole and . 
611 d iameter hole for a level in strumen tspud. In the 
bottom head in the center is one 2" nozzle with aside 
l~ nozzle tee configuration and a 1" angled-nozzle. 
All nozzles have 130 Ibs. flanges. 

Evaluation and Potential Modifications. This tank 
serves the same function for HEP slurry as the storage 
tanks do for the CP slurry_ See Item 4 above. 

This tank stores the HEP slurry from the weigh tanks 
prior to disposition. Sinc,e there apparentlywQu1d be 
small amounts of HEP propellant waste generated, this 
tank would be adequate to satisfy then,eeds of the 
disposal system. No modifications anticipated at this 
time. -
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10) Agitator A~854i 

OeSer ipt~onj.Ev alllCl. t ion and Potent fal Modj,f iea t ion s. 
,ThJsagitatormountsupon,thetop center IOn . nozzle of 

.. storage. tank:T-854 •. ' ·This.agitator will turn at84 rpm 
and be driven bya 5. Rp~electricmotor. ' 

See Item. 6 of Increment I Evaluation of Slurry. System 
Components for data pertain ing totheagi tator other 
than· thatgiyenabove;o . . ' , 

< -,'- ": •• 

. . Oescr ipt.~0n.Th~'se.pumps<,areDurco horizontal 
. centr.ifugals.,modelM,Cl.rkII , .. constructed of Alloy D 

... (316 stainless steel) and.mounteduportacarbon steel 
base •. '. Each pump is size 2 x 110/86 ,delivering 50 GPM 
ata292 ft. TDH and powered by. a Westi.nghouse 20 HP, 
3505 RPM motor. . . 

See It:em 3 above for other pertinent pump data. 

Evaluation and. Potential iMQdifications •. Th~;same 
comments apply for these two pumps as for the CP 
slurry pumps, Item 6 above. 

Economic Summary.- Slurryweighing,Concehtrating; 
Rolding~aridFeed . 

1 } Miscellaneous modification which will' be, determined. 
during startup (assumed). 

Increment I 

a.. E,stimated Construction Cost· 
b • Design Cost: at.6 % 
·c. SIO,H at' 5,% . 
d. Additional COsts - studies, field 

v~rificationi etc. at 10% 

Total Cost 
. . 

Increment II 

a., Estima.t:ed Constr,uct.ion Co.st. .. 
b.·' DesigtiCostat,6.% 
c. SIOHat5% 
d. Additional,Costs' - studies, ·field 

verificationj etc. at 10% 

Total Cost 
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$25,000 
.1,500 
l,250 

2,500 

$30,250 

1 ,500 

$18,150 
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C. Evaluate Wet Air Oxidation Systems and Ancillary Equipment 
Develop Modi;fications to Wet Air Oxidation Systems and 
Anc ill ary Equipmen t (I f Any)' 

General. The attached material covers the evaluation of 
the wet Air Oxid,ation ,(WAO) system~ The WAO equipment is 
situated essentially at two locations ·of the PDF: at the 
Reactor Building (:/1= 1571) ,and at the Equipment Building 
(:/1=1573). Th~onlyexception isthepairofslurty supply 
pumps which transfer slurry from storage to the inlet of 
the high pr.essure slurrY pump.. These supply. pumps are 
located. in the Storage Building (:/1=1570). Equipment is 
controlled from the Control Building (#1572). 

System <;:qmpooen ts. -Phase. (Or Increment) . I 

To facilitate evalqationof .theexistingWAO process, the 
system was divided .. into the following discreet categories, 
by equipment/function: 

1) steam generator 
2) process heat exchanger (2) 
3) solvent system 
4) .slurry system (including reactor, pumps) 
5) prOcess/plant air 
6) electrical and instrumentation/controls 
7) sl urry co.oler 
8) proce~s control valves (slurry} 
9) high pre~sure water pump 

10) separator tank 
11) afterburner 
12) vapor scrubber 

Each of the above areas was evaluated and the results are 
presented herein.. Some of the systems were founa to be 
satisfa6toryas-is and this finding is so indicated~ 
Areas found to be unsatisfactory as designed t are 
discussed and the inadequacies are detailed. Recommended 
modifications to remedy the problem areas are included. 

Those areas of the WAO system found to be deficient were 
analyzed and the cOt're.ctive modifications proposed· are 
presented herein~ 

The analysis considers the WAO system exclusive ·of other 
supporting systems, sll;ch as slurry preparation and water 
treatment. Analysis of these·systems is presented 
elsewhere in this rep6rt~ 
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In general, the WAO proce$s, exclusive Of external 
suppbrting syste~~, appears to be a viable system for 
destruction ofPropellq.nt.and Explosivewastes~ The 
several problem areas.fQund and the proposed fixes are not 
judged to be major drawbacks to beIng able to use the 
process for its intended.purposes. The fcict thattheWAO 
system is nottoo£ar' away. from being operational, and the 
fact that a considerable>monetary outlay hasalre'ady been 
made.are major influences'uponthe J;ecommendation that the 
s ystembe compl eted,.We wou ld,however,expect th'at the 
WAO prOcess would be· used initially as'a pi1'ot oper'ation,. 
andproceed incrementally towardu.seas a production 
facility. Since the . WAOprocess has never bee:n used for 
PEP processing~ (except for Small run~ during initial 
process testwork)thecompletion!use of fhis facility as 
a largescale pilot operation is averydesir.able end 
product, and we so recommend. 

The decision as to whether or not theWAO should .be 
completed will most likely be based,' in partion cost 
considerations. tole believe that if the unit is completed 
for use initially as a pilot operation (in the interest of 
furthering disposal technology or any other reason), there 
is a good chance that it will remain a pilot unit ~nd 
never be used for production. This shouldirifluence the 
decision as to l,olhether the expendi ture to complete the 
unit can be 1ustified. 

Another factor which should strongly in£luence the 
de.cision regarding completion of the WAOisthe viability 
of necessary external support systems, the most important 

. of these being the water treatment facility and the'slurry 
preparation'system~ Even iL the WAO system itselt ~ere 
ope.rationaltoOay,it\.;ould be virtually useless without 
these two. support systems ,which are evaluated elsewhere 
within this study. 

Process Description 

'. The 'wet oxidat ion process (also referred <to asche' 
Z irnmermanProcess) i~ an aqueous phase oxidation reaction 
of suspended or dissolved organicsubstahces at elev~ted 
temperatures' and pressures • > Any substance capable of 

-ellrn-ing-,-~that~"-!"emainsH~-is-S6:lve€H,or~suspended~-in-'\\rater ,-can-· 
be .. oxid izedat temperatures between JOO'oC and the cri tical 
temperature, 372°C, at which water ceases to exist in the 
liquid phase.' The process is well suited to the oxidation 
of waste liquors, slurries, and sludges where. the 
o~ygen-demanding organic matter is only a small portion of 
the predominarit water stream. The water in the waste 
stream serves to modify the o~idation reaction so that it 
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. proc,eeqs ,at arelat:i,.vely low temperature, usually under 
325°C, aP9at a 10w'.rate. The water provides anexceilent 
heat, trc;l.nsfe:t:' meqiumwhichenablestheprocess to be 
thermcgly self-sustaining, even with the low concentration 
o,f.()rganic material in the feed stream. Theoxygen 
'reqqired:ior the reaction is normally provided by 
introduction Ofanoxygen--containinggas, usually air, 
whichi s pumped into., the react ion· vessel ( reactor} ~ The 
reactor is simply apressuI:'e vessel used tobrinq the 
components .togetherfor thewAO react:i.6n,and is-ope'rated 
at suffiq.;ientpressureto.prevent eXGessive ev'aporation of 
the., liquid phase, normally in the range of 150 to 4000 
psig.. . The WAO prop.ess has been used world-.widei for many 
year;s, to treat municipal sewage and industrial wastes. 

, In recent years , WAG ha.s been applied to mixed waste 
streams to fac:i,.litate recovery/reuse of valuable inorganic 
components. Also, .recent applications hav.e allowed use of 
hea,t,fl:'QIil the .. reaction to produce steam and co-generate 

·el;ectricalpower. Cer.tain reactions have been enhanced by 
the additon of cataiysts in the reactor. 

The NOS WAODNIT was designed to process PEP slurry at a 
rate of 10 GPM (550# of PEP per hour) and will reduce the 
chemical oxygen demand by 98% • Slurry is prepared at a 
ratio of 10:1, by weight, of water to PEP,'ataseparate 
location within the 'PDF and pumped to the'WAO process. 
Slurry. preparation is discussed elsewhere wi thin this 
evaluation. 

The majority o,f the WAO equipment is located in Buildings 
# 157.1 .and#1573. The process is controlied from Build ing 
#1572,thes:i,.te central control building. 

T,ne WAC. process is shown in the referenced Z irnpro 
draw,ings, and the operation is described below. ' 

~. >' < ' ',0 '. :' > '.' 

Double. base propellant .isoxidized elsa 10 percent slurry 
in a titanium lined vertical reactor at 800 psigand 450 
to. 500 o P •.. The .reactor is sized to provide a .residence 
time of 30"minutes. By a variable speed ,posi tive '. 
displacement pump, the slurry is fed into the bottom of 
the reactor where hiqh pressure air is also injected. 
Reactor effluent ,is cooled in a titanium coil heat 
exchanger andpass.esthrough a control valve which 
relulatesthesystem pressure.eThe o~idized slurry water 
empties .into a sepq.ration tank for removal· ·af gases. A.n 
oxyg,en analyieron:the separation tank is used. to adjust 
the air feed so that the r.eaction products contain only 1 
to 2% residual oxygen. 

The' primary constraint .on the .operation o·f this wet Air 
Oxidation system is that there must be·a constant liquid 
.overflow' from, the top of the reactor. At, steady state, 
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,~ho4Id waterlea.v}ng; the reactor asa vapor 'exc'eed',that 
entet;ingas a liquid in the slurry and formed by the 
reaction; thent;hereac,torwiTl utTiInateTydryout and 

,allow. the. temperature to riserapioly as accumulated 
propellant continues to oxidize ,andpossibly;result in a ' 
fire or,ex:plo~ion. 'I'o' avoid this conditioo,acareful 
thermodynamicanalysisoftheenergycon.tent of the: feed 
material,oPex.atingconditions a,hd products of the 
reaction is required. The"equipmen.t, in the systeII\:is 
designed to operate up·to 575,op and2,400pstg ...·Reactor 
dxyout, cpnd.i;;tiOn, is a',.funct ion of the aJnountofwat,er 

,vapQr remo.vedby non .... condensible'gases at ,the specific 
oper;atirigconditionsselected.,. As>the rateoferlergy " 
iQpu t is increased , either as higher "s;lutry concebtration 
or:ieed rate" ef;Eluent temperature willihcr,ease and 
result in a' higherwater.vapor·pressure. 'Reactor\' 
operating pressure can be inct'easedtoreduce'the ' 
proportioo'ofwater vapor, io'N:tegase'ous'effTuenb' 
Analysis of the system indicates that 500 lb/htof'double 
base propellantio. a 10% slurry fswell within the safe 
I imitsfor the. deS iqnoperatingconditions. A. feed of, 
1,000 lb/h rina 10-per'centslurry is ext'remely' marginal 
a t the ,max imumtemperature and pressure rating of the 
system. In order to avoid dry out at a higher propellant 
throughput, it would be necessary to, proportiohaTly 
increase .the waterin·the slurry feed'. HOwever, 'the high· 

,pressure slurry· feedpumpislimi tea to. 10gpm, wh ichfor 
a 10% slurry equals a rate of 500 lb/hr of pro pelT ant. 

During start-up, water is recirculat,ed' from the separation 
ta,nk at4gpmand. pumped counterflow to the reactor 
effluent through a'doublepiped'heat:exchanger eA. 'small 
package boiler provides 600 psi steam to a second double 
pipe heat exchanger that supplies the necess~ry he:a.tinput 
to bring the system up to c a.temperatl.lre>forpropel1ant 
oxidation to, become seIfo-sustaining (approximately 250° F 
at800psig) ~.'.I'oav;oi,dthermally stress inqthe'thick ' 
reactor walls, the heat-up .periodislimited to50°F/hr 
rate of increase. lHterthe minimum reaction temperature 
is acbieved,slurryfeed is starte'd<andgradually 
increased while '" water recycle ,is reduced .. \ ' 

The wet. Air;Oxida tionsystemca~ also' sigrH·ficantly reduce 
the chemical and biological demand ;io other orga·nic feeds. 
However, ,the:materials>of constructioosigrHftca'tltly 

, affeQt . the, effLciencyof other types of feeds. ' ' 
Chlorinated,organics, sucnascompositepropellants and 
many pesticides, could be processed. The ~orrosion rate 
of the titanium clad reactor, dischar~e piping; and 
discharge cooler, is essentially zero,when nitrated esters 
are processed. However, chlorinated feed materials would 
result in a rate of over 50 mils per year and 'cause 

,pittiQ9 and intergranular cracking in titanium. In 
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addition~ because the two double piped heat exchangers 
that provide heat to the reactor are co~structed of 
stainless steel, which cannot withstand the hydro~hloric 
acid produced by the reaction, water from the separator 
tank cannot be recycled. Fresh water must be used in its 
place, and would greatly increase the amount of water that 
must be treated. In the case of pesticides where the heat 
value is low, water flow through the double pipe heat 
exchangers must be maintained throughout the run to 
provide the additional heat inp6tnecessary f6r sustained 
reaction. Titanium cannot withstand hydrofluoric acid 
that would be liberated by the oxidation of fluorodarbon 
propellants. 

The gases from the separation tank are ducted to an oil 
fired afterburner operating at 1,200°F. with minimum 
excess air maintained in the wet air oxidation reiction, 
the level of carbon monoxide genera.ted is unusually large. 
The afterburner completes the conversion of the carbon 
monoxide, along with any volatile organics, to carbon 
dioxide. 

The'liquid effluent is pumped to the Water Treatment 
Building to several storage tanks. The water treatment 
system with a capacity to process 10 gpm, is sized to 
match the operation of the Wet Air Oxidation system. As 
each tank is filled, the pH is adjusted from 2 to 7 using 
a 5 percent aqueous ammonia solution. 'I'he primary 
neutralization product is ammonium ni trate, wi th a' smaller 
portion 'as ammonium acetate. Lead oxidation products '·from 
certain double based formulations are largely percipitated 
out when the pH is adjusted, but a residual of about 200 
ppm remains in solution. 1 After treatment, the water 
is fed through a vacuum filter to remove insoluable salts 
and ash. The filtrate is then fed to a wiped film 
evaporator.· The ammonium nitrate solution is concentrated 
from about.1 percent to 50 percent in the eVaporator 
bottoms, which is then cooled to 120° and drumed. The 
evaporated water is cofidensed and either stored in a 5,000 
gallon tank, recycled to the Shredder Buildin~ for slurry 
make .... up, or discharged. The· building also contains a 
package boiler to provide steam fo~ the process and 
building heat, along with a cooling tower, and equipment 
for the treatment of sanitary effluent from the facility. 
The water treatment facility is evaluated elsewhere in 
this report. 

1zimpro, Inc. Propellant Disposal Demonstration b¥ Wet A"ir 
Oxidation, Contract N00174-T2-C';"0043, Nov. 71. 
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The Shredder and Reactor Buildings are completelY-remotely 
operated. The Shredder Buildinq contains TVmoilitors in 
each. bay.. ~heSlurry Storage. BUilding>is also remotely 
controlled; but since it is classified as a Class I 
Division 3 hazard, transients are permitted • TheWater 
Treatment Building is largely manually operated with 
automatic controls only for the evaporator and 
neutralization operations~ . 

- '-"', ' . ',,-'--

Current status- NOS .WAO Unit 

Most of the system is installed aha connected ,but has 
never been used to process PEP materials. The piping 
system is in place, and has been pressure tested,ashas 
the reactor. '1}. numb'er of problems have beenencouritered 
in the system, as detailed, along with suggested . 
modifications, in tasks. Aano B of· this' evaluation. 

. . 

The status of thewAOsystem, exclusive of supporting 
systems, can be summarized as. being marginally 
operational~ An evaluation ,ot thesubelements~dllows. 

1) SteamGenerator 

Description. The boiler system is very 
straightforward and simple. The' boiler supplies steam 
up to 600 PSIGand 485 0 Fprimatily to the stearn heat 
exchanger and also back to the boiler head tank. 
steam also supplie~the.heat required to heat the 
feed-~ater throuqha coil where it is condensed iN a 
steamtrap.and is tnen recirculated baclc into the feed 
water. supply. The major portion of steam is delivered 
to the stearn; heat.;.. ex changer where the process 'water is 
heated p~ior to the reactor to initi~te the wet air 
oxidiation process. The steam is re.gulated bya 
control va:lve'that; sensest}Je oxidized slurry and 
vapor (OSV) . temperature. .Asthe. tempe·rature.of OSV 
rises., .the coptrolvalvecloses. Eventually, the 
boiler flame· control is lowered until the boiler is 
~~t ba~k.topr16t flam~~ once the wet air .o~idatidn 
proce~sisstarted, the boiler is not required • To 
remove deposits formed in the boiler , a blow down po.t 
has beenprdv,ided.. '. 

. . . . 
. . 

Referring. toFigure~'AO-l, potable water is brought 
in, mixed and treated chemically before being 
dischargeq into the boiler head tank • There iti s 
preheated pri6r to entering the boiler~ The boiler 
head·tank insure~ that there is~a constant water 

'. supply to the boiler and monitors the' water condition 
with various levelcontrbls and iridiriators, and 
temperature indicators and sensors. The feed water is 
provided from the boil~r head tank to the boiler by a 
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feed water pump. The chemipal treatment system is 
used to treat the water prior to entering the boiler. 
The treatment ch~micals are manually fed into a 55 
gallon drum where wa"ter tha.t has been previously 
softened is mixed with the chemicals and is eventua~ly 
pumped into the boiler feed water tank. 

Evaluation and Potential Modification. The steam 
generator system as provided is adequate. 'It does, 
however, rely heavily on maintenance personn~l to 
operate properly. Improvements could be made to 
reduce the need for maintenance personnel and increase 
system reliability. 

Improvement$ COuld be made to the chemical treatment 
sys.tem by using an automatic feeder which is a more 
a.ccura te means to meter the chemical into the feed 
water. This would eliminate any chemical "shocking," 
and maintain a constant pH balance and require less 
operator attention. However, since this system is 
small, the existing system is more than adequate. 

The condens~te currently being discharged fro~ the 
stearn heat exchanger could be returned and reused, 
saving costs involved in the constant addition of ~~ 
chemicals. Since live slurry can never enter into the 
stream heat exchangers, this may be a valid option 
that would reqtiire a safety analysis to justify the 
alterations. 

A btiiier control schematic was not provided. There 
was no direct indication on how the boiler is 
controlled. It appears the only way to turn down the ) 
boiler is manually. This is not recommended. If not 
already provided, the,re must be safety interlocks that 
prelude any possible case of boiler explosion or 
overheating of process water entering the reactor. 

The: boiler system" is installed in the equipment 
building which enables personnel to perform any 
maintenance required. All systems, such as fuel pumps 
and chemical tr~atment are also located in this 
building. This leaves only the stearn heat exchanger 
and control valve that is operated in an unauthorized 
area., It is assumed that there are provisions in this 

. building fo~ operator·rnanualsahd sp~re parts. 

There are no additional 
boiler sys.tem operate. 
chan~es that would make 
outlined ~long the flow 

requirements to make the 
Th~re are, however, som~ 
the system safer. . These are 
path. Refer to Figure WAD-I. 
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As the potablewatet enters the water softening 
system, on lineP~J--3Ieadi:ng to the vapor aspirator, 
there should ,be a check valve installed to preven,t any 
contamination from the vapor aspirat()r •. Even though 
the chance of contamination of th~ potable water is 
very.~inimal, the effluents produced iri the aspirator 
are toxic and·no chances Should be taken. 

Downstream, just prior to the chemical treatment 
system and after the water meter, another check valve 
should be installed~ This is to prevent any 
c.ontamination from the chemical treatment system back 
into the potable water. . 

On the boiler head tank, we recommend that a strainer 
be added: -prior to the steam trap. This is common 
practice and will increase the life of the trap. 
Since the condensation from ST-2 discharqed back into 
the boiler head tank there is a slight p~gsibi1ity 
that i,fthetank overfilled the water wo~ld back up 
and flood the trap·. Therefore, a check valve would be 
recommended' to prevent this. . 

Also on- the boilel; head tank, a pressure relief valve 
mounted on it to relieve an excessive pressure 
build-up would seem appropriat~. 

Dowristream of the boiler, there is an ite~ with 
perhaps' a bit of discrepancy in design philosophy. 
The relief valve is mounted ona brarichmounted from 
the main steam line. A globe valve is mounted between 
the relief valve 'and main steam line. The design 
philosophy of this arrangement allows the globe valve 
to be closed Shutting off the steam being released by 
the relief·valve. The globe valve should either be 
ommitted or the relief valve leg should be mounted 
before the~lobe valve, enabling steam to act on the 
relief valve at alltfmes •. Since the globe valves can 
be inadvertently cloSed by accident, the relief valve 
would not serve its purpose. The safety of the system 
isirtore important than the clean up of 'condensate. 

Another check valve could be installed in line CW-6 to 
prevent any contamination tif water from flowing back 
and contaminating the cooling water. Since the 
blowdown port is 'probably drainedprior to allowing 
the coolirig wCitertoenter, this isn't required, but 
is desirable. . 

P"tocessHeat Exchanger 

Description. The Process Heat Exchangers are used to 
heat the process water, prior to the reactor. Two 



hea.t exshangersi are used; a steam heat exchanger and a 
process hea.te;l:Cchang,.~r. ,Each.exchanger .consists of a 
series of l0c>Ps wLtha'pipe withiri'a pipe., ,. The outer 
pipe serves as; a, shell while the, inner pipe, serves as 
afube. The entireexGhanger is inslliated.a:nd 
enclosed, in.an,outer 'casingto j{eepheat losses down 
and prevent damage to the insulation and exchangers. 
The heated. process water is used to initiate and .' 
maintain:thetempera,tureofwa~erI1eedediforoxidaticm. 
of the PEP 'slurry in,tpereactQr.'l'he'SteamHeat 
'Excha'ng~r,Jsused only fOt"s;.tartup. Steam,,'is injected 
in.the'~hellside of the exchanger"heating the 
process water in " the tllb.eE;:i. AS the reaction or 
Qxidationtakes plac.e,thesteamslowlyrnodulates down 
as; theternperatllre.and,press,uretncreaSe. When the 
oxidation prqcess'i is fUlly operational, . the steam is 
complet.ely.shllt down •.. 

, Asth.e h6t slllr'ry flow from the reac,tor is circulated 
thrPllgh the]?rocessHeatExchanger, the process heat 
exchallger is. used. ,to either preheat· the process water 
Or keep it to the.desiredtemperature~, 

Evaluation and ]?otential r-'fpdif ications. . No. 
calculations. verifying the size of the heat exchangers 
has been performed.. It is assumed thatZimpro with 
its many years of experience h'as properly d'esigned the 
heatexchal1gers. There are no major modifications or 
requirements to make the heat exchangers operable. 
However,. there: are a .few itemscohcerningthe design. 
and controls used., The Slystem was not entirely 
~esignedfor the oxidation of· .PEPwastes • Therefore, 
.the following discussion describes some modifications 
and items that· should be checkedbefore.operati6n 
begins. 

Fr;m the;propessflow d;iagram', iFi'gllre WAO-2,. the heat 
exchangersareadequa:teto' ha·ndleall . normal 
opefat.ions.. One', problem. ,notic.edJsthecorrosi veness 
of i:he oxidized slurry. The slurry lin. time will 
eventua];ly~corrode throllghthe< Process\HE!at Exchanger. 
If itnas not already been done, coating the walls 
with a~~taniumc.lad wi.II incre'asE!' . the" liJ:L~ 
expectancy .• One problem ar(3a;in the design (that is 
notc) .. earbythis: revde.w} .. is: .apipe·.-adjOining the legs 
of .. the;·Hex!·S:Jlea·r,the~bottom.T.his horizontal pipe . 
acts as' a sUPPQrt.brac'eandappears .to be open on one 
end and closed on the other end •. If this is the case, 
then assuming worst case, if the reactor oxidation 

.. balance is upset and unoxidizedslurr¥ entered the 
exchang.er, this· void would fill .uP the HEX with the 
1?EP.wastes making it very dffflcuitto clean out and 
may present a hidden d~nger that could not be detected 
in its present state. 
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,Elimina~ing this void is recommended along with any 
other voId that oxidized slurry could get entrapped, 
filled; or plugged up. Another recommendation th'at 
does not affect or change the performance of the 
exchanger is' to install .someautomatic drains in each 
of .the fegs of ·the heat. exchanger. As the system 
stands ,',~ t;apPears that; there is. no valve to drain 
slurry deposited 'in the legs of the, exchanger if an 
emergencY,were to oc:cur requiring the drainage of the 
system., When the system enters the stearn HEX, 
insta.llimg,a strainer 'prior totheicon'trolva1've'with 
a blow'downvalve.would.be<recommended. The ,strainer 
will' increa$e the~i.if,eexpectancy of the control 
valve. ,It is>alsotecommended that a valve similar to 
'valve' #~'14 'shc>uld.be mounted prior totheicontr,ol 
valve, e'riablingaccess to the· control valve and HEX 
without, having to shut the steam supply' of:LAlthough 
the, operatiohdoes, not ,allowanymaintenanceo.r , 
operatingpersollnelin :the plant; process "hot" area 
while the process. is operating; if the system was 

'being tun cold or,.be'ing cleaned, this modification 
could be beneficiaL 

3) SolventSystem 

Description. This is an independent system,. as shown 
in FigurewAO~3, composed of a solvent pump, a solvent 
tank, artd.applirtenant piping and valving, located 
(except for a smal~portion of the piping) within the 
equipment build ing.: We understand that it is used to 
circulate'solvent'through the various portions of the 
system for cleanup purposes. Information available 
indicates that the solvent circulated is either 
straight: water or a' weak nitric acid solution. Valve 
and line numbers cited herein refer to those shown on 
the' Zimpro record drawings of the system. 

Evaluation.: This system is 'very simple and we have 
. cons;ll,lded>~h~,t~(). ,1lJ~;j}?rrevisioJ?!:! are required for 
satl.sfactoryoperatl.on. Operatl.on anclcontrol are 
complet.e bY, IDanqaland'minorftel<:l, connectiqns are 
requ:i.red'Jor sOI'\1e~ modes of.use~ we consider' this to 
be acceptable •. Several minor revisions and/or 
'comments, are discus'sed in the following sect:ion. 

potential Modificatdbn. This system can be supplied 
with coo.l,in9waterv.ia,1.ineCW-3~hich connects to the 
solvent system near th~ solvent pump section. " In the 
case of a malfunction in the solvent tank overflow 
loop,' coupled' with low' pressure in the cooling water 
header, solvent could be pushed into the cooling water 
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line. Although not ,. a likely occurr~nce,this .could be 
precluded by installation of a check valveinCW-3, 
and we so recommend. Elsewhere in this evaluation, we 
have recommended check valves for several of the CW 
supply lines. A viable alternative which would 
provide the same protection as the.i'nstallation of 
several check::valves, would be to install one main 
backflow pre.v:enter· in the cooling. water head.er, ahead 
of.the"T"· neq,r, va·lve,106,and we propose this· as an 
al ternative solution. 

Liqui.ds can be' discharged. from. the. solvent System 
tihrqugheither . valve 1111· or v.:alvel 109, as shown on. 
~impro draw;ing~ 4/:I"';l8~D~30h These two d~scha.rgesare 
piped acrossthefl'oor ofthe'eq!-lipmentbuilCiing via. a 
1" and a 2"line toth:e floor tr.ench~Th'is .trerich, in 
t:llrn ,.dumpsint othebuildiogsuIllpl09Ci·ted;n t.:he.~ 
gorner' of the building', 'from whence it . is'pumped tnto 
the oxidiZed slurry tank. Materials from this tank 
are then pumped over to the water treatment plant, 
aloogwithgxldizedslurryinaterj,alt:;". We believe this' 
systemt6be satisfactory provi(ledtha;tt'hewater' 
treatment can ha'ndlethe periodic' volume of nitric 
acid. Operating. procedures for the system flushing 
oPer:a:tionshouldprovide for transfer of the spend 
solvent as soon as practical from the building sump, 
and from the oxidized slurry tank over to water 
treatment •. 

The solvent sys:tem will only see intermittent use at 
such. times when system flushing is r.equired. Because 
of this,. we recommend that certain manual valves be 
tie"':wiredin the closed position, to preclude 
accidental. opening. These are as follows: 

a.) valve 4/:100 
b) valve' ,109' 
c) .. valve 4/:·,101' 
d) valve· I 93 

Whenflushirigofthe system with corrosive solvents is 
complete,. i.tis>important that the s!olvent system 
Ltselfbe fTusb,edwithw:ater, and drained'. We 
recommend that this be handled procedural.ly. 

4)' Slurry system -." WAO Process 

General.' Th is eva"l ua.tionconsiders both the incoming 
slurry system feeding the reactort and the ~xidiz~d 
slurry system leaving the reactor. Of the. complete 
slu~ry system, only the Zimpro supplied portion is 
considered herein; i.·e.,. that portion downstream from 
valve 4/:255. Other portions of the slurry system, such 
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as preparation and storage, are addressed elsewhere in 
this report. Certain specific Zimpro supplied 
equipment wi thin the" slurry system, such as heat 
exchangers, coolers, and pressure control valves are 
addressed elsewhere in this evaluation. Also, 
instrum"entation, controls, and electrical pertaining 
to the slurry, system are covered by a separate 
section. Valve and line numbers" cited herein refer to 
those shown on the Zimpro record drawings of the 
system. 

Summary. The slurry system as designed is judged to 
be operable in its present configuration; however, 
there are a number of safety related short-comings 
which must be addressed. It is recommended that 
correction, as detailed hereinafter, be made prior to 
live PEP operation. 

The analysis is based upon the assumption that the WAC 
system is installed as designed, and that components 
are in working order. It is beyond the scope of this 
evaluation to determine if this is, in fact, the case. 
Since much of the equipment, although new, has been 
installed for several years, a detailed field 
examination/checkout should be conducted for all 
components, prior to live startup. 

Evaluation. Slurry is pumped from storage in Building 
#1570 by .oneof two slurry feed pumps located in that 
building on the suction side of the high pressure 
slurry pump located in the reactor building. A return 
line from a point near the high pressure pump suction 
permits recirculation of excess slurry back to the 
storage tank in Building #1570. Design calls for 
slury to be maintained at a 10:1 ratio. (10 Ib water 
to 1 Ib PEP). 

It is our understanding that a problem exists in that 
the slurry feed pumps in Building #1570 (rated above) 
are not capable of.supplying efiough net position 
suction head (NPSH) to the high pressure slurry pump 
suction to enable it to feed the· reactor at rated 
capacity. Some corrective design analysis has been 
performed by NOS personnel, but has not been 
completed. We have addressed this problem later in 
this evaluation, under the paragraph entitled 
"Pumps". 

The WAO process to be used is based upon proven 
technolo~y and many such systems are currently 
operational. What makes this installation unique is 
the type of the materials to be processed, i.e., 
slurried propellants. To our knowledge, very little 
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WAOworkhas been done with these materials, and most· 
of this has been pilot operation. Consequently, we 
believe that. if problems <acre .tobe encountered in the 
Indian Head WAD prOcess, they will be due to the 
material itself,. rather than the process .• 

, Since the material. itself is hazardous from an 
ignitionstandpoin,t,the curre·ntdesigncallsfor the 
proc.el:)sto.opera;teremotely.. . SYstem operation, 
monitoring, and control is accomplished remotely from 
a control hous~ over IOO ft. distant from th.ereactor 

, bui];ding.'1'hissituationis;,perfectlyaceeptable 
provided sufficient equipment isprovide,dto' properly 
controltheprocess-.Weview,the moni'tortngand 
control system, as. installed, to be marginal. ,The 
system apPears to. bea stapdardWAOPlantwith slight 
modifications for remote operation-•. 'We believe there 
isa .need for more automat'ic;control and better 
process condition monitoring. Alrriostallpr6cess 
conditions presently monitored a,re indicated at the 
c.ontrol.pane],andare subjec.t to proper operator 
resp()nse,., Werecommend-i nclus ion of moreautoma ti c 
controls, as discussed elsewhere in this evaluation. 
Any problems caused by dependence of the process on 
operator response are. magnified by the fact that the 
system is expected to operata only for about one week~ 
six times a year, causing a reduction in operator 
familiarity. This intermittent operation ~alls for 
increased ~utomatic control and a reduced operator 
response; requirement., 

In summary, we believe that the 'remote operation of 
this plant will require c.onsiderable more monitoring 
and control capabilitythah has been provided. 

In addition to the ,expected proceSSing, variation and 
upsets" equipment breakdowns and malfunctions will be 
difficult to detect,. and may require some time period 
to show: up on processmonitorin<g equipment., 
Malfunctions. such as, broken lines, plugged valves, 
bro,l<:en sensing.devi.ces,.e.tc-., may not cauSe a fast 
response at. the; control panel. We believe that a CCTV 
system with at least tw:o cameras; (with pan/t iltand 
zo.om. capabLl,.ities) should be located withln the 
reactQ,rbuilding" . and so' recommend •. This will not 
cureB'llof. the anticipated· problems', but will 
alleviate- some' of them. 

The above ~onstitutes our evaluation of the existing 
slurrysystem,- and contains some observations and 
recommendations relative to the WAO installation in 
generaL.,' The following. section is devoted to our 
recommendations concerning modifications to the 
existing slurry system. 
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General ~Con~iderable design work related to PEP 
(PropeIla,nts,Explosi "es and pyrotechnics ) slurry 
disposal system was dOne by the Navy during the late 
1970's for the Western Demilitarization Facility (WDF) 
at Hawthorne, Nevada. In the WDF Bulk Explosive 
Explosive PispoaalSystem. PEP slurries are prepared 
and burned in two Radford ""'type r6tary kilns. Design 

. work done for the WDP slurry systems shquld be 
applicable to this. "project, and such design work is 
cited herein, whenever applicable. 

Valves. 

Valves for use.!n PEP slurry lines require careful 
selection because of the potential for plugging and 
abrasionproblellis associated with any slurry application. 
However;·the major problem relates to the-hazards due to 
the energetic solid mat.erial present, and valves must not 
accl;1mulate this material or apply undue forces to it. PEP 
slurry valves shoUld be soft seated to minimiz~ the 
potential fOr initiation of the solids by pinching' or 
friction. .At the WDF, the Navy adopted soft seated 
butterfly valves for use in all Slurry lines, such ~s 
manufactured by Hills-McCanna-(McCannalok) or ITT Grinnell 
(Dynalok) • 

In the WAD process, incoming slurry from storage to the 
supply pumps #1 and #2, passes through Valve #245 ~hich, 
according to the Zimpro valve schedule (Drawing. 
r--18-p-304, Sht. 2 of 2), is an ASCO, normally open2-way 
solenoid valve with a Bune N diaphragm. This valve is 
actuated upon emergency shutdown, at which time the valve 
energizes and closes,thereby shutting off· slurry feeding 
the pumps. 

Since this "alve is to close on emergency shutdown, it is 
recommended that it be configured as a normally closed 
valve instead of normally open, which will ensure 
fail ... safeoperation. In ,this mode, a continuous duty coil 
will be required since it will be energized any time 
slurry is flowing through the valve. 

The use of this particular· valve for propellant slurry 
control is not recommended, in that slurry can enter the 
solenoid core tube through the dia:phragm bleed orifice, 
whenever the valve is closed • In time , propellant 
particles may accumulate in this space and dry out due to 
the solenoid generated heat. Since therearemovihg parts 
within the core tube, itis conceivable that an initiation 
of dry propellant could occur due to friction, even though 
the valve component materials are all non-sparking. 
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This valve must be remote> controlled. There are four 
major types:' of remote control valve. activators to. choose 
from:··' (1) 'qirect-acting> solenoidr; (2}solenoidactuated 
pilot, line; fluid operated f( 3) solenoidactul;rted pilot, 
pneumatically powered; .and(4~)airactuated pilot, air 

. pow~red •. The. direct acting solenoid tin· the explosion 
proof model) is large, expensive, and> availability is 
somewhatlimited.Solenoidacttlated pilbt,line fluid 
operi\te~,: i8no:t desirableforuseonslurrylinesbecaus.e 
the' small holes lnthe' ,valves (uSed. to direct Tine fluid 
totheiIlter,nalopera t'iog elements of the' valve') w ill clog 
with the· particlesdftheslurry. This is similar to the 
p'roblems., described above for the ASCO .valve, solenoid' 
actuat,ed pilot or air actuat,ed pilot, air powered; va'l ves; 
can reaqily.be used in PEP.slurry· lines, and these types 
of actuators were aoopted at ithe' WDF. ..' 

For Valve, *24;5, we would recommenda··solenoid··,acfusted air 
powered actuator. All other valves (excluding one relief) 
in thisslurry system, upstream of, the reactor are manually 

. actuated~Thereiar.e some. 150,f these'valves"ahd they are 
either plug,. globe"check, or ball types. USe of most of 
these valves is contrary to the philosophy used at the 
WOF" which; mandates use of soft;"seated valves in PEP 
slurry lines and does notdiscrim!natebetween manned or 
unmanned operations. Consequently, we recommend that all 
of these valves be considered for replacement with 
soft-seated types. ' 

Relief Valve #1 is a I ti' Kunkle (Figure 71-S) with cast 
i ron body and stainless s,teel trim. This valve 'fOr 
metal-to-metal contact between the plug and the seat, and 
as noted previously for other valves, is not a good choice 
for PEP slurry use. 'We recommend uSe of a soft-seated 
valve for this application." Kunkle does makesbft;"seated 
relief valves which would be suitable,. It. rnCiY be possible 
to replace the intern'al parts of the existing valve to 
accomplish this purpose., 

Whether. orno.t a real hazard. is presented by the use of 
PEP s1ur:ry val veswith metal,~to-rnetal wet ted'pcrrts contac.t 
issubjec.tto question. However,. in ouropinibn,. :the' 
precedent set atWDF should not be ignored, and any design 
contrary to this. should be backed by substantiating data. 
We' know: of 00 ;such: data.' ' . . 

An additional .. factor to be considered regarding propellant 
slurry piping systems as used in this WAO process is that 
slur,ry pressures are quit.e high and can ,reach 2400 psi. 
we know of no-hazard analysis data for slurry systems 
which.· consider this elevated operating pressure. 
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The C,qse .can be. made. that even if an initiation of 
propellant soli.dsdoesoccur within a valve' due to 
pinching or friction, it will 'not propogate through the 
slurry provided it is at a.proper propellant~waterratio. 
The quality of energetic material involved in such an 
occurrence would be quite sm~ll, and would probably result 
in, only a,deflagrationorvery low order detonation. 

Despite ,the above arguments and the use of remote 
operations, we believe that soft;,..seat valves should be 
used in all PEP slurry lines. 

The above valve discussion applies to the portion of the 
system,de'signed to ~o.nvey unoxidized slurry (i.e., 
upstream of the reactor) during the operation. 

There are several manual valves within.the entire slurry 
piping system including both before and after the reactor 
which are important to proper operation of the process, 
but which are rarely used. No remote valve position 
indic,atorsare used with these, and since this is a 
personnel exclusion area, and sinc.e there is no CCTV 
system" th,ere,is now,ay to determine valve. positioning 
during live processing. 1n mostca.ses, improper 
positioning of the valve would be noticed during startupr' 
(while personnel were present); however, there are several 
which could be overlooked. We suggest these be tie--wired; 
in their normal posi tion, as follows: 

Ca,) Valve # 23 (2) ,... tie closed 
(b) ·Valve #26 (2) - tie clos'e,d 
Cc) Valve #205,- tie open 
(d) '. Valve # 28 - tie .clos.ed 
(e) ,Valve #30 - tie closed 
(f ) Valve # 61 - tie open 
(.g) Valve #91 (2) -tie open 
(h) Valve #95 (2) - tie closed 

,Unoxidized Slurry Carryover 

Based upo.n recent discussions wi th Zimpropersonnel, the 
existing system is not designed to automatically preclude 
the possibility of unoxidized slurry entering the piping 
system downstream from the~ reactor. This pr~sents. 
hazards, as discussed below; and could occur through 
operatqr error, or equipment malfunction, wherein slurry 
CQuid pass through a cold reactor 'and leaveessen'tially 
unmddized. In this situation, the live material could 
conceivably passtrrrough .the complete system from the 
reactor to the separation tank and beyond. Also, even with 
the system operatlng at proper temperature and pre~sure, 
system upsets could cause partially unoxidized material to 
exit the re~ctor and carryover into the e.quipment 
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building. The degree' cf hazard, in this ,case would be 
related to the degreecf cxidaticn cf the material. 

Several hazards are apparent .ifthiscccurs,asfcllcws: 

(a) The slurry piping system dcwnstreamfrom thereactcr 
ccntains scrne 20va;I.ves of varicus types. The 
argument made abcve£cr use cf scft-seatedvalves can 
beapplied",tc this situa,tion. A. prceed,uralscluticn 
co.uld be applied to. minimize this hazard', wherein 
these valvescannctbe bper,ated until the system is 
flushed of. uncx,idLzedslurry. . 

D 

n 
D 
o 

(b) Uncxidized slurry cannct he, perinftted to. encerthe r-J 
eqo.ipmeritbuilding: b.eoallse' the electrical equipment at L 
that locaticn is nctrated forhaz-ardous areas, and 

,personne,lare nct ,exclilded from this area aU,ring n 
o.peraticns. ,---LJ 

(c) If uno.xidized slurry were allcwed to. enter the 1~ 
separaticntahk,itcculd exit the bottcm of the tank ~:-~ .. 
and flow, to. the recirculaticnpump' ... Wedcnct believe { 
this pump is a prcper selecticn fcr handling PEP 
slurries forreascns discussed later in paragraph f!,".'J 

' II Pumps "'. .. . ' 
l 

This possibilitycculdbe precluded prccedurally by 
mandating that this pump not be operated at times when 
uncxidizedslurry is present at the pump. This fixwculd 
require the detecticn of uncxidized slurry within the 
equipment building' and executicn,cfaprcper respcnse to. 
this situaticn.' This would sclvethe immediate prcblem at 
the pump, but the majcrprcblem is the presence>cf 
uncxidized slurry within the equipment building as ncted 
above. We believe the prcper scluticn to. safety problems 
cfthe slurry system downstream from, the reactor is to 
address· the real prcblem" Le., prcvide-the means to 
ensure that significantly uncxidized slurry dces nct leave 
the reactcr. 

I':f,:thiscanno.t bedc.l1e; a special problem is presented at 
Valve:lt2.63,. ani;llysis cf which is beycnd the scope cf this 
assessment, but which w,ill have to be addressed. This 
valve (two. are insta11ed, but cneisa··back...;up)' is a Fisher 
# 667D'A, mode:l' w'ithairtopwcrks,~and is'the: system pressure, 
ccntrclelement. Thevalvefs remotely operated'by'the 
ccntrcllerlccated ,in the'main panel cf theoontrbl rcom, 
and is installedfcr fail-safe cperation flcss: cf air 
signal clcses the valve) so as to. preclude dry-cut cf the 
reactcr. 

It wculdbe Bxtremelydifficult (cr impo.ssible) to. find a 
scft~seated replacement valve forthisapplicaticn. The 
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service, is seve,re from:3:standpoint ,of pressure, abrasion, 
, corrosion, attd to a lesserexteri t, temperature and 
m,$1;:9-+-t.o-:,met~Is~al:ingis vital. As noted previously, the 
t>E:'stsolutiQn is to.e,xclude' Ufl9xi<iizedslurry from the 
systemdOwristreamfrom th.e reactor, which' includes these 
valVes. ' .' 

A; disc,ussion of these. valves related to their use in the 
process is included elsewhere in this evaluation. 

PUmlds 

~Jithin this system, unoxidized slurry is pumped at two 
locations. At: the s,torage building, it is' pumped at'low 
pressure by one of two Goulds pumps (one pump is a 
stand-by) qver to th.e reactor buLlding, and delivered to 
the suction side of the high pressure slurry pump. The 
highpressute pump, 'in turn, delivers the sluIrry to the 
rearitor at process pressure of up .to 2400 psig. 

The selection of.pumps for PEP slurry hasconsid~rable 
. importa.nce from a safety standpoint, ,but is not an exact 
sc~ence. Such pumps Should featllre. ample clearances 
betw,een moving.parts so as to preclude pinching of 
energeticmaterialpartic,les. Slurry wetted parts should 
be resistive to corrosive attach by the materials being 
pumped, and' .moving parts contacting the slurry shOUld be 
non-sparking. ' 

Radford Army AmmunitionPlaot, has considerable experience 
with pumping of explosive ,liquids and slurries. 
Discussions with Radford personnel have i~dicated that 
theY use grea.t care in selecting pumps for applications of 
this type ,and that ,they" tr;yto us.e pumps ,with successful 
past experience. 

, ' 

'The WDF uses Galigher VacsealModel VRb200 dual 
centrifugal pumps in all PEP slurry mixing and circulating 
applications. , Thes~pl1rnp$had be~n used successfully at 
RAAP in pilot tests 'for the Hadford rotary kiln, and were 
recommended to the ,Navy for l,lseat WDFfor the following 
reasons: 

(a) The application (i. e.'., pumping water containing 
s ig.nif icant amount of PEP ) is unique~ 

(b) The pumps have proved their applicability for the 
intended use over a reasonable trial period. 

" , 

(e) Qualification of ,another Lmit would require 
significant time and cost~ 
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The Goulds Model 3196 "MT" pumpsuse,d :in the WAOp~ocess 
to supply ,slurry to the reaqtor building iSdi'~fi;c4l t to 
appraise due ,to our limited' knowleClgeq'f therea~$oris for 
sel~ctionof 'these unit's ~.'However, it"isrecomrne.nded that 
this applidation bestudiedirl' depth 'from a s'afety 
standpoint. If these are standard, off-the-shelf 
centrifugalpumps,we question their applicability,unless 
a proven, background of successful PEP slurrY use can be 
documented. '" ',,', ' 

Notwithstanding the abOve. safety-related problems which 
show these pumps to be'questioI1Clble, ope:r~tional.problems 
have· beenencouritered which fridicate' thatt'hey should be 
rep;lirced;,. ' 

The two GouldS Slurty supply plunps are,iocated irtJ~uilding 
4U 570 'and '" are ,,' co nne'cted " in'}? arallel,.s uch,that . one pump is 
OI'istanCibywhtle ·theotherfson line.' .Asirj.'g:Le);.;.·1/2" CS 
slurr¥suppl~ line (S-~) connects the pump~ischirge to 
the, sl.lctionof theZimpro high pressure slurry pump in the 
re,act.orbuildingt#1571J>.,·, AsJn9le 1-1/2" ,C~slu~ry , 
returlilineruns frdrn:thezimpropump suction side back to 
the storage tank· in BU11d1ng#1570 and is provided to 
return excess slurry to supply and to maintain ,q:' velocity 
high enough to prevent settling out of PEP solids in the 
lines. zimprodrawing :U-lS .... O-570·.shows the piping 
details at the Building #1570 end df the, system,and 
drawing #I-18-D-558 shows such details of the Building 
#1571 end. The two lines are routed between the two 
buildingsthroughaheiow-gradepipe trench, and, are each 
about 200ft. in length. 

In operation, the centrifugal supply pump operat'es at, a 
constant speed, pumping slurry to the Zimpro pump suction. 
If the Z impro pump is not operating , all flowing slurry 
enters the return loop and recirculates back to tankage in 
Build i'ng;#1570 •. The z impropumpis a 'variable .speed, 
variable flow unit. when it isope'rating (supplying high 
pressure slurry: tothe;'reactorl,the retllrnioop .flow 
varies,depending'uponthe'out.pu;t £Towto'the'reactor. 
When the· Zini.propump isop'era.tingat maximum output, the 
return loop flow is at a minimum, and vice vers'a:. 

We uhderstand that two problems have been apparent d'uring 
tes.ting.· On.e probl'em is tha.twhen', tne ret.urnloop'"flow is 
at a minimum, the· slurry' velnei tyin it is soJow that the 
sollclssettle out, causing h~s'trictfon andpluggirig. The 
other problem (also at highZimpro' pump; oUt:Put' flows) is 
that suction pressurea become too low r the pump runs 
starved,andoutputflowcannotachievemaxirn:um rated 
capacity. 
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It is~ beyond the scope of this evaluation to propose· a 
detailed redesign to correct the above -slurry problems. 
However, we do. o-fferthe following.~inf6rmation and general 
guidancewhichsh"ouldprove useful in formulating' 
solutions. ' 

The two problems are interrelated, and we submit that a 
single solution cannot solve both problenis. Based on 
available information "theZ impropump requires 40-60 psig 
NPSH, and previous calculations (by others) have Shown 
tbat only 35 to 28 psig is available when output flow from 
this pump is 0 to 10 GPM, respectively. From the above, 
it. is Obvious .that the s.lurry supply pumps in Building 
'#1570 are not properly sized for the application, and must 
be re.s ized. topxovide the minimum of 40psigNPSH when the 
Zimpro pump is operating at the maximum output of 10 GPM. 

The related prbblem of low slurry veloeity in the return 
loo~ must also. be analyze4concurrentlywith the NPSH 
problem. We believe that the solutionis to reduee the 
return loop line size, select. supply pumps which will 
operate at a fairly constant output flow while providing 
the required minimum NPSH, and'hose-flow is sufficient to 
maintain the minimum velocity in the return loop when the 
Zimpro pump is operating at maximumf16w. The supply
pumps must be carefully selected in that the pump curve 
should be re1atively flat (approximately constant flow), at 
a pressure band centered on th~ re~uited supply pressure. 

This will cause the return loop flow to vary as the Zimpro 
pump output flo~ varies, but the proper sizinif of this 
-line will maintain the required minimum veloei ty, -ahd 
siroul taneouslyallow the supply pumps .tooperate' at fairly 
constant output flow and pressure. -" 

The above approach is recommended Over adding restrictors 
(valves or oritices) to the present system to regulate 
flow and/or pressure, because this solution does not 
correct the low velocity problem in large cross-sectional 
portions of the system. In fact, restrictordevices may 
create areas of slurry solids accuiul~tion. . 

A similar analysis can be made for the recycle pump in 
regard to pumping PEP slurry. This, of course, becomes a 
mo-otpoint, as discussed above, if unoxidizedslurry is 
not allowed downstrea~ frbm the reactor. 

The. high pressure slurry pump is a Zimpro ZH~-24-l5 unit, 
'electric motor driven. This pump is a proven unit for 
slurryharidling; and, the only comments we are providing 
pertairi to the safety aspects of this unique application 
of pumping propellant slurry. 
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The pumping, action used. by this pump tomb.veslurry 
appeat::sto/·bereasonably,safefor PEP ·materlals •. The 
sl\lr,1:Y is.moved,by./the.:s'queezingabtion of· a·rubbet' boot 
within, ·the pressurechamberand'hC!.sno··;metal-to~m!etal 
contact of moving parts. This appears to be safe·since 
the action' is similar to a peristaltic pump,. which has. 
been sllccessfullyused. forPEPsT;urries.·We arenbt 
~wa#e,. howeve·r,.Ofany', proven operations wherein·s1Urry. is 

.pumPeclai: .j:his.higllCl.·pressure leyel·~. . 

Thesq~eezing;actionof theboot< i··simparted byhyoraul 1C 
'pressu re; •• · .......• The·<tuPber.boot ... separates:thetwo .• flUidS. 
Pressure; is·~ upplied:by~hydrauJ;ic.pump,andi:stransmitted 
across/a. free.p~ston' .t6th.e.hyd'r.au·lictsYstemconnecting .to 
.theboot •.. Th±sis.anattracbivefeature,. int'hatff a leak 

~~~-~~--r-'"----c~~' v-' • ',CCllx-s4n .·;t.h~PQ~t,'''-O(l'l~y~thes<3'.~a!ntt-i~&Y''''::0.f~hYElcr--au-i-ie~e-i-l~i'n--
the boot loop .would .be leakedintoth.e slurry system. 

TWbpreSSQre chambers are used,with this unit: one pumps 
while the other, fills. During the attending ... ' 
f,ill/discharge cycle of: each purnping .. :chamber, . fluid is 

.directedt.hrough·the' product check valves... Details' of 
these valves were no;tavailable for ou~ examination, and 
we would reooJllmend thattbese be evaluated since it is a 
potential areafor.pinch points and solids accumulation. 

In .general, the high pressure slurry pump appears to be 
well suited for the' application: however, since we are 
unaware of any. proven history of this pump in handling PEP 
sluries(except for the. limited pilot test work) it would 
be prudent for the Nqvyto conduct some live testing prior 
to operating ap part 'of the WAD system.. As noted' 
previously, pump< pele.ction for PEP slurries is' notan· 
exact science, and; mos;t of·· the people.' iIi'the bus:il1ess rely 
heavily on live remote testing to establish confidence, 
and we so'. recommend •. 

The high pressure water pump:is discussed elsewhere in 
this :evaluation. 

Sumps are loccited.in;. bO:~h thereactor'buildi.ng .andthe 
equipment bui'lding., These sumps are equipped w,ith 
st.andard. centrifugal; sUQmergedsurnp pumps,. No. energetic 

. material should b:e ,allowed to enter theSe pumps. Based on 
ou;r;inf.ormatio'ri;,~ tlhis. ;w·tll.never:oc.cuiunder:normaL 
·operat.ions .•. However,. w,e:do;no;thave>suff'icient 
information' on. int.ermittentprocedures (such as 
draining/flushing of eqQipment. and piping) to determine if 
live; slurry ,can ever reach the building sumps.. lnany 

.' . event,. we recommenq that the. means bEt provided to ,ensure 
that no slurry. enters; the sumps., 
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If this cannot, be done, then the sump pumps should be 
replaced by diaphragm (or oth~r) type pumps which are 
accepted for energetic material use. 

Drains 

Live ~lurry piping in the vicinity of Pumps II and #2 (in 
Building 11570) show four drairi connections. In the 
reactor building, two live slurry drains are shown near 
th~ high pressure slurry pump, cand the reactor blowdown 
pot oonnects to the drain. Oxidized slurry lines are tied 
to drain at several points within both the reactor 
building and the equipment building~ . 

The piping details provided us for revtew"do not show the 
final conn~otion for any of the above drain lines~ 
consequently~ it is impossLble to determine whether these 
tie to building sumps, building trenches, sanitary or 
industrial sewer or other. . 

It is important that this drain system be reviewed, since 
it is vital to safety that PEP materialS be allowed in 
only those system~ designed for it. If the details 
required to make this review are not shown on drawings, 
then field examination should be performed to complete the
evaluation. 

As noted in several places previously, if provision is 
made to ensure that live slurry cannot enter the system 
downstream from the reactor, then that portion of the 
drain system need not be assessed. 

CW Connections 

Cooling water is tied directly to the slurry pIpIng (via 
Valve #27) at the discharge of slurry Pumps #1 and #2. 
These lines should contain a check valve (or other 
badkfiow preventor) to p~event accidental backup of slurry 
into the CW lines. The same situation exists at Valve 
#246. This CW line should also have a check valve 
installed. 

At the high pressure slurry pump, coolirig water line CW-8 
connects to the oi~ heat exchanger. We recommend a check 
valve be added to this line ahead of the cooler to prevent 
oil contamination of the CW line, shotild a rupture occur 
within the cooler shell. 

We make the same recommendation as above for the recycle 
pump aftercooler CW line (CW-9). A check valve in this 
line would preclude oxidized slurry backup intb the CW 
system, if a tube rupture occurred within the 
aftercooler. 
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Piping' 

Based on previous .PEP s.lurry piping. designs done for the 
WDF, and work done by Radford AAPrelative to their slurry 
incinerator, we are aware, of the importance of ensuring 
that solids. accumUlation points are eliminated .from, the 
system. It is not withi~ the scope of this evaluation to 
(letail al.l.points within the system at which settling may 
occur, bu,t,sev:eral sllchpoints are readily apparent,. such 
as the pipe. immediately ahead of Valves' *28 and #30., We 
recommendthat,afield.sul:vey.beperformed, prior to 
operation of the,syster(l',.to locate solids accumUlation 

,points,; andtha,tliiping; modif.ications .be made to eliminate 
these to the extent possible. 

We expect.lineplugging to be a fairly common occur'rence 
in the' slurrY system ... At WDF,useof "f09d industry type 
qUick""'disconnectcouplings", wasincorpo~a.tedto .the 
maximum extent possible. These are not available for use 
in the high pressureWAO lines; howver, they could be 
employeq, in.thes.lurry system upstream from the high 
pressure slurry pumps; and we so recommend. 

'l'hreaded piping components are not recommended for PEP 
slurry lines. Based upon the piping drawings available 
for this review, we find' that this ,philosophy has been 
adhered to throughout the system. The reason threaded 
conne~tionsare not used in that energetic material can 
accumUlate in the thread and could be friction-initiated 
during disassembly. We 'found only one screwed device in 
the line slurry system, that being Valve· #1, . the relief 
valve in the slurry pump discharge line. We recommend that 
this valve be either replaced or modified to preclude it 
from being unscrewed. 

The. piping system (and equipment) must be completely 
grounded., and bonded inaccordancewithOP:-5, Vol. 1, 
Ammunition and Explosive Ashore, Safety Regulations for 
Handling, Storing Renovation and ,Shipping",. Paragraph 4-- 7 
entitle&,. II Ground.ing Requirements n •. Based upon the slurry. 
piping drawings available for our review, the flanged and 
welded connections presently used should provide good 
continuity for, grounding. The titanium. portion of the 
piping (and the reactor itself,. since: it' is titanium 
lined)', even. though n9t.as- condl1ctiv~> a$. the rest. of the 
sy~t.em, is conduc.tive enough to provide an adequate 
grounding path. 

/ 

This evaluation shows that the. slurry system is 
'sufficiently conductive throughout to lend itself to 
propergroundingi however, details of this grounding were 
not shown. in our review package. Consequently, we 
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__ recomm,end ,that. the entire piping system (including 
equipment )be field inspected and 'tested prior' to 
operp,~iOri, in accorqance withOP5, VoL 1, paragraph 4-8, 
"Inspection and Tests of Ground Systems". 

The slurry system contains various sensing elements 
(pressure ,temperature, 'andflow)throl1ghout,an'd the 
instr\lm~ntationfor these is discussed elsewhere within 

'this report. However,severalcominentscan be made·herein 
as p~~tains to portions which ~re a ~art of the'piping 
system, as follows: 

(a) .PS-4 is a Mercoid pressure switch reading slurry 
pres.sure ahead of the high pressure.slurrypump. 
Although this swi tchis equipped wi tha pigtail 
siphon, slurry could concei~ablyreach the i~terior of 
the brass bourdon tube. We recommend that this device 
be provided with a stainless steel tube (either 304 or 
316) and that consideration be given to providing the 
switch with a diaphragm seal to prevent the sltirry 
from entering theI?ressure power e~ement, sif!lilar to 
that use.d atPE-l 1n the reactor d1scharge: 11ne. 

(.b) FE-2 is a Foxboro #2aOI magneticflQwtube used to 
measure slurry flow into the reactot. Th~ body of 
this unit is made of fiberglass reinforced epoxy and 
and is non-conductive; consequently, a bondin<r',:gtrap 
should connect across the. metallic mating flanges on 
either side of thisunit,to provide grounding 
continuity. The design of this device makes it~well 
suited for hazardous locations ('considering both the 
internal flowing fluid and the surrounding eJite'rnal 
atmosphere) and also for use with fluids containing 
solids. ~he pressure rating of this unit could not be 
ascertained from information made available to us. 
This application calls for a working pressure of up to 
2400.psig: however, the local Foxboro'vendorstates 
that the usual Model 2801 flow tube would only be 
rated for under 500 psig 1 ahd that the body would have 
to have a spetial rating to be used at 2400 psig. If 
this unit has a special pressure rating, it is not so 
indicated on the Zimpro process drawings and device 
schedules. 

PEP slurri~s have beehproven to be non-detonable' and 
non-propagating when maintained at least at a 3:1 ratio by 
weAght, i.e., 3 lb. of water to Ilb.ofenergetid 
material'. This ratio has been used successfully by RAAP 
and was forma,lly proven by NAPEC • This was officially 
reported in "Bazards Analysis ReporLon Bulk Explosive 
Incineration System for Hawthorne, Demili tarization 
Facility" by Naval Sea Systems Command (NAVAMPROENGLEN), 
Naval Weapons Support Center, Crane, Indiana, September, 
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1977,.byKenneth .L.Kluemper • The line,sl urrysystem for 
theWAO process c.ontainsa considera:blelength of piping 

'running from ,the process pumps in Building #15 70. to the 
reactor in Building #1571, plus.the return loop piping 
from near the high pressure slurry pump back to the . 
storage building. Nowhere within the above system .is 
there any means of .sensing' slurry composition. Since 
maintainiriga : proper PEP/water ratio is importcmttothe 
safety. of the operation, we· recom~end th.atconsideration 
be givent6 providing such: monitoring. equipment. A" 
non:-contact.densitymeter· could.be;usedfo:rs,uchpurpose. 
Pensi tymet.ers were installed at~ the 'WDFfollowing the 
o.riginal desigl1, when it. was: determinedtnat they were· 
Vit.al tosystem.saf.ety. Fbr our systemia suggested 
location fOI'this equipment ,is. in S~4~ just ahead of the 
high . pressure. sIUl:rypump. ' . 

Reactor. 

Heat-up and cool-down of the reactor is to be accomplished 
ata rate not to. e:X.ceed 50°F per hour~ We understand 
that this is c.riticalto;.avoidunduethermalstresses 
within the vessel. At present,. the heat-up/cool-down 
contI'ol is manual and depends upel'). the operator attention 
for uniformity.. Based on the fact that the reactor is a 
very expensive equipment item, we conclude th'at automati·c· 
control of heat-upandcoo1...;down may very well ,be cost 
effective. Therefore·, we recommend consideration be given 
the inclusion of· such automatic control equipment. 

-, _. -r-

During normal operation of theWAO process, it is 
important that the liquid level o·f material wi thin the 
reactor bema'intained. At present, there is no equipment 
installed tomeni tor this level. Based on information 
available to us, extreme loss of water within the reactor 
can result ina hazardous s·ituat.ion.; . Evaluation of this. 
situation is beyond the' scope: of. this analysis.' We do, 
however, recommend that consideration be given to the 

. iIJlPlementatlc)O'cof a two step studyt.o determine (a) the 
. severity of the" problem, and, (b) the· solutions that may be 
appropr iate,... . '. " ." ...... ' . .' " .. " ...... . 

. Liquid level monitoring withinther;ea.ctbrappears to be a 
difficult task,.due to the high pressure,. fairly. high 
temper~'turer corrosiyLty', and ,the na,ture~ 0.£ the,rnaterial;. 
however, it can probably be'.accomplishedwith' 
state-of:-the-artmonitoringequipment,such as the 
Kay-Ray, Inc, •. , Model 4TOOP neutron leveTmeasurement 
system, brochure at,tached •. Once ,the relative importance 
of level 'monitoring has been established, a decision can 
be made as to whether or not to incorporate it. 
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Thef()nbwi~g~peoifI6ationSdeSCJibethe.rnuJ(jLCC'rnpo,. . 
nents of: the' ModeH 4100F· Neotronl.;evel· IiIIHasurement System::" ,',.c' ....., .. '. . .. '" 

NEUTRON LEVEL SENSOR' 

~~cc~r~cY:>:t 1.r~Ch ." 

• ' C6n~frU~tidh:'W~lded steel:'air;. purgeqOrCla~,s 
(SrgupsDiE,.G,Oivision.rHazardousEnvirollfTIi;nI3,·, 

...•..•....•..•. , is~aY;t,SPli,Q, 'liguic{ahdJ60oam:l~v~I§Jjllt~rf;aees;' 
Qrd(jo~it~9r:;;Idierits·canbe"cpntilJliously:moriitor!;!j:t, •. , 

NEUTRON LEVEL TRANSMITT.~R 

• E ilNbsuru: NEM~, 4"~r Glass/Gro'u ps APi; B DivIsion I' ... 
e);plosion'prool" .. ' , ." .' . . . 

.• tPower:120/240VAC50/60 Hz.:300VA m;;lxirnum 

{] 
'-r1 

t . 

fl .c... 

.EJectionlbs:~i;~~· . . .. . 

.~SOrl~ce£~~dlatiQn, b.ess. than:T5 rnR/hr .. 

..•.•.•. ~·sQ~rc~.$i+~:r50d.h1Ci·'Am2~IBe'... . 
,et~rnbil!nt~T~mper~tLire :~20tb250~\f(·29 .to· ,?I'C) 

• ArntJientTenlperature:·o'·.120a F17~ lo4QPC) .... . : 
.' ,-.> Outbuts:o~ 100VOC'5tnft(rrra~im~m\ 4,20 mAbCfloah'~"J 

.. ing orisolat~d.O"1000ohms:'·· '.,.. . ...... " 'j". L 

.• ; Almms:OPfion~l;ciual"§RDT6Ar~sistiVEl;@120/24Cl; 

.. ..Wbi·g~k~·21"lbsr(55kg)c . . . 
.~ ~ > ~ • "" • • , • -

. VACor28VDC, . 

CORPORATEHEAOQUARTERS,'·· 
5HiW(;urrtliusor.; ArlinglonHeighls, JI.;60004.JJ.S A. 
Pflonc(312) 259-5600" ':;': .. ' .', . 
foil Fr('<l(COnltnenlHIU S.:cxGepllllinoiS):600·3?3;1594: 
C'lbll,Addres{ KAYRAv Telex: 281-085 .... '. 
SALF-S&· SERVICE OFFI,CESWOFn~Q:WI[)F 

.. KAY FIti' 1.1",;' 
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"A v~rycllrsory anplysts was made a,s to" the consequences of 
react~~dry-out. Assuming that~a-reactor completely 
filledwith~prop~llant.slurry is_ allowed to dry out to 10% 
mois1;ure,this would yield an energetic material weight of 
about 38QO.,'" ' 

Studies of various propellant yield have shown a wide 
t:'ange of TNT equivalency under varying conditions of 
temperat.Ure/pressure confinement, etc., ranging from 10% 
1:;0 around'l50%.~ If we assume a TNT equivalency of one 
(whtchis ,probably conser~ative) then' the reactor would 
qualify as a,Class I, Division 1 (mass-detonating) item. 
Based upon the required intraline.{unbarricaded) distance 
of D = law 1/3, as prescribed in OP5, Vol. 1, Chapter 5, 
the separation between the reactor Bllilding(:U57l) arid 
the control house (#1572) shollid be about 280 ft. Actual 
distance is abo,ut 125 ft-This analysis, does not prove 
that.a hazard exists, but };ather points out that the 
safety of the proqess is not obvious, and merits a deeper 
examination. 

5) Process Plant Air 

Description. Plant air is supplied by a Worthington 
tandom three stage aircompressor~ It is powere~ with 
a 75, hp moto.-r. The compressor comes complete wi th 
features such as a thermometer, moisture trap, level 
gage, high water sight flow glass, high water 
temperature switch and relief valves for each of the 
stages. The instrument ajr is supplied by a 25 hp 
Ingersol Rand air compressor. An aftercooler has been 
provided for ea:ch compressor. The plant and 
instrument air is dried through a Pall air dryer. The 
air compressors and attached equipment are mounted in 
the mechanical building with all the air distribution 
lines and air conditioning accessories branched out 
throughout the WAO system as required. 

Evaluation. The compressed air system is comprised of 
all,the necessary items required to make the system 
completely operable. We. did not observe any 
complication~,or discrepancies with the compressed air 
systems. The air compressors were equipped with 
adequate control gauges and proper materials. 
Therefore, no major recommendations for modification 
of the plant air-distribution system are made. 

Potential Modifications. Since ,air lines for both 
instrument and plant are runbet.ween buildings, it is 
assumed that they are protected to some degree for 
winter. However, the lines should be checked to make 
sure that the air is properly treated. Water legs 
should be provided to insure proper water drainage 
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between instruments and panels and between buildings. 
One of the largest contributors of moisture is from 
adequate forming inside lines that are exposed to the 
outside air. Filters that automatically remove 
moisture should be used and, if they are located in 
areas exposed to cold environments, they should be 
insulated. Filters that provide ultrafine filtration 
are not needed. Filtration down to 5 microns should 
be more than adequate. It is recommended that 
lubricators have a remote auto fill device to reduce 
maintenance. Micro mist lubricators work better for 
longer pipe lengths and better distribution of 
lubricating oil. 

It might be noted also that it is an operational 
advantage that the performance of a filter regulator 
piggyback is approximately 12% better than a filter 
and regulator mounted in series because there is one 
less body casting and one less nipple connection 
through which the air must flow. 

Since the compressed air system for the wet air 
oxidation process has been idle for several years, all 
the lines should be checked and blown out removing 
rust scale and other deposits. The compressors should 
be dismantled, cleaned and inspected. Gaskets that 
have dried out should be replaced. 

In general, the compressed air system should perform 
all that it is required to. 

6) Electrical Systems 

General. The following Qlscussions pertain to the 
existing electrical system ancillary to the Wet Air 
Oxidation System (WAO) at NOS. The existing 
electrical system .includes the control and 
instrumentation system, such as sensors, transmitters, 
controllers, and final control elements and the 
supporting "building system" (i.e., power, lighting, 
lightning protection, grounding, and heavy electrical 
equipment) . 

The design criteria for electrical system design for 
explosive operations includes several important 
concepts :" 

1. Provide operational safety by minimizing the 
possibility of human error and/or minimizing 
requirements for personnel access to hazardous 
areas. 
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2.' Provide "FaiI-to'-Saf'e" design which will allow 
safe equipment shutdown in theevent,'6fequipment 
or power failures. " 

3. Provide adequate instrumentation to allow all 
. necessary automatic functions and concurrently 
allow operating' persorinel '. to fully recognize the 
process status and easily react as required to any 
possible occurrence. 

.A~dherence to the above criteria allows ahigher level 
of'. operational safety and minimizes hazards to both 
personnel and the envi rohment. . 

The design criteria. for "buildingsystems i ' more 
closely follows normal design prac~ice f9r hazardous 
location installation, ~nd therefor~is more easily 
defined and analyzed. 

The. section following provides a general summary of 
the WAO. electrical systems evaluation results. Later 
sections contain detailed comments and proposed 
modifications. 

SUI!unary 

. A. review of the existing electrical control and . 
instrumentation syst.emreveals no major design errors in 
basic concepts. The systems used are basic in design and 
appear to be cortu11on' industrial practIce. Thetyp~cal 
operatihgpa'rameters associated with most process:es using 
WAO systems lend themselves tothis'type of simplified' 
design, ie.,·· thehormal process, once started lip and 
operating, is a slowly changing quasi-steady operation,' 
requiring littlecohtrol interaction other than ." 
maintainin.g utility type parameters .; However, as' .. , 
previously mentioned, processing of explosive compounds 
requires some special considerations, especially in the 
areas of safety and automatic contoIs. 

The ana.lysis of the existing WAO electrical system's 
indicates that many' ofthe'se' considerations are not 
provided for. The primary conCern i8in .the. area of 
Inen:r-umentaTIofC~an:Cl'~'c(rriErf(frs."~AlthOuqh· total au toma. t ic 
contrQI may not be . warranted, a'utomationshould be 
considered for alI~functionsreIatedto transfer and ., 
processfng of the explbsiveslurrY where operatC:>rcerror 
could re$ult in hazardriuS s~tuations. I~ addition, 
automated Gontrol functions'are advisable for systems that 
cannot be accessed by personnel duringoperati(:m~' •. 



The. an~lysis of the WAO electrical system"based on 
p iqpointingp1:'oblem areas •. reg a1:'ding ope'ra tionalsafety·, 
. erase: of· equipment operation andmaintenange,andimp1:'oved 
efficiency" has identified a number of. items which are 
lImited, in. adhE!re:nce to explosive.sope~ationsdesign 
criteria. As a result , a 'number of· prQPo.sedmodifications 
have been, deveioped. which .alieviate< the problem areas 
identifi,ed. ' . 

It should be noted that the 'iIriplementationofthese 
mpdif::i.c.ations.are highly dependent on the Qu:tcome, of other 
WAOdesignreviews.and the ove;r:all ' applicability of' the 
WAOsystem to processtng pf' wastes; at~OS. 

DesprJptiop. Inorde~rto identi.fy the'specif.ic points of 
evaIua.tion,a general ,desc,riptionof' .theex·l sting WAO 
elecH:rical system.!?fo:!.lows:,· . 

Elect:rical controls are primarily liinitedto standard 
motor. control circuits and utility' valve switching 
circuits .•.. There are no provis:io:n~forproportional 
elect.ricCon'tr()ls; most proportional, con'trols are via 
pneumatic systems. 

Pneumatic controls are used to adjust pumping rates via 
air. driveh varidrive adjustments. These controls are 
located .at the remote control panelfor"operator 
adjustment based on instrumentation readouts. 

Two proportional, c,ontrollers, are located at the contr.ol 
panel for contr.ol of the, steam p:re~heating. system and the 
pre.ssure controLsys.tems..These controllers modulate the 

. associated· valves during startup operations. 
. . 

Other pneumatic controls are located at the equipment to 
be controlled ( e.g ., .. pr.essureregulators) •. ,The,se· items 
are not typically' adjll~ted. except duringse.t.up 
preparations.. . . 

Instrumentation> systems are' comprised of standard. type 
sens.~n(J,e:LeIIleJ:lts (flpw·,.:pres5ur'e, and tempera.tur,e{coupled 
totr:ansI:llitters(and'record,il1g,~instruments' (orihdic.ator ' 
lights i.n tbe caseofaTarms),.,.' Instr.umentatio,nisystems do 
not. PF0vide,automa,tic, ·contro'I·functions" but. are, limited 
to prowid:i,.ilg, indicatiOIls' oepr,oce'$$ $,ta,tustoithe .' 
OpEn=ators~ ' .. The operat'ors ar.e'required to analyze ,the 
incoming:, data',.determine'.the.necess.ary,cortective 
proce(iures( iF, any) and manuallyad,justthe system, 
cont;r::ols. If certain, param.et;ers exceed alarm .se.tpoints, 
provision. is madetoprov~detotal systeIll; shutdown., 

Building systems are comprised of standard and/or 
explosion proof lighting and power e~uipment, with wiring 
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installed-in cond~it. Installation of the existing 
< ",i": 

equipment follows normal design practice for electrical 
equipment in' hazardous locations.' 

Evaluation. 

Control"'s Design. The fact that all process controls are 
manually adjusted by operator personnel may be p~rfectly 
acceptable fo,r most WAO systems; however, in dealing with 
explosive operations tot~lly m~nu~lly controlled 
operations is of some concern. For sewage sludge, the WAO 
system has been tested to the point that the adequacy of 
total manual control has been proven. However, for 
explosive operations, automatic control of at least 
critical functions such as slurry fe~d rates and water 
make-up is highly advisable. In order to ensure maximum 
safety Of operations, automatic control shbyld'be provided 
on all explosives operations which could b,ecome hazardous 
due to operator error, or which have limited or restricted 
access during process operation. 

Instrumentation Design. The selecton of monitoring points 
in the general instrumentation design appears to be 
adequate in most cases; additions to the instrumentation 
equipment to provide automatic control functions ,would be 
minimal. One area of concern, however, appears to be a 
lack of indication of slurry concentration in the reactor. 
This may be provided indirectly by the flow transducers or 
both,the slurry and the makeup water; however, changing 
conditions in the reactor could result in gradual water 
loss and potential ha~ards for indreased "oxidatiohM rate. 
Perhaps the system automatically compensates for water 
loss by the nature of the process but this compensation 
needs to be verified and tested. 

Control and Instrumentation Equipment. The control and 
instrumen€atlon equlpmeni, lncluchng sensing elements, 
transmitters, indicator/recOrders, switches, and relays 
are selected from major equipment manufacturers. Although 
a review of each item should be performed to verify 
applications and possible improvements, the equipment 
appears to be properly selected for the functions 
indicated. Since the existing equipment was designed a 
number of years ago, state·of-the-art measurement systems 
may be a desirable upgrade. This may be particularly true 
in the slurry handling system, sinc~ a number of slurry 
flow measurement devices have been developed in recent 
years. 

Equipment Hazardous Location Ratings. The existing Zimpro 
drawings specify "all ~quipment located in hazardous areas 
shall be explosion proof." However, the drawings do not 
identify which components must meet these requirements, 
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nor are, sp~cific NE,MA standards orNECclassifications 
given. Instrumentation and control component sCl'ledulesdo 
not contain, any reference to explosion proo~ equipment 
ratings. 

Alarm System. The alarm system consists of, high/low 
pressure"temperature , and flow indicators: wi thsilencible 
audible alarms. The general alarm network is a standard 
design which,provtdestotaL, WAO systeltt, shutdown·· in the 
event o·f alarm.cond:itons. (DoeS not shutdqwn aft~rburner 
for:ups.treamfailur,es,. ) . 

On drawing'l'10. 2329.'7El"ther~ are five . eme,rgency shu;tdown 
lightswhichareen~rg.ized,l3imultaneously.,' These l~ghts 
l:lave'conflicting legends (e.g., "emergency, shutdown open" 
and,nemerg~l1cy shutOownclose"'). These fUnc,tions need 
clarification. . Perhaps they are .coordinatedwith' the, flow 
diagramafidsn()w. actual required valve :posi tions in 
various locations. If this' is . the case" a better design 
would utilize valve position li,mit switches for light 
control and actual valve· position indication. The, common 
~ussifigof,.status indicators: opens thepossibil tty' for 
valve failure to go unnoticed~ 

System Interlocks. Safety. interlocks for process 
operation should be provided to preclude any potential for 
d,eviation from normal processing procedures. The system 
as designed do~s not show-an~ interlocks, of this nature. 
In particular, we found no interlock to preclude pumping 
of explosive slurry into a cold reactor;. thlsallows , 
erroneous starting of slurry pumps and could, resul t in 
passing of unoxidized slurry ,throughout the system. Lack 
of this interlock is consiQered to bea,major deficiencY. 

. Operating Manuals. No operating manuals were provided fO,r 
r,eview bythisoffic~. rfoperating, manualsex"ist, they 
may contain information which would alleviat,e',sqme of the 
above concerns., In any event, operation manuals should be 
gen,erated' which de,tail sy.stem operating proced,ur,esand 
parameters. 

Building Systems 

The Day and Z~immerman drawings available for review are 
considerably more detailed regarding, the build~ing' system 
electrical .' equipment (as opposed to WAQ drawings). The 
building e:lectr leal systems" (1:e." power, 1 ighting,. 
lightning prote,ction, grounding and heavy electrical 
equipment) are consistent with general design practice, 
incl uding provisions .for installation in hazardous 
locations. Design Qrawingsare,well documented as to 
equipment classifications, t,ypes and wiring systems. 
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Any proposed modifications, if followed through toactu'al 
installation, will require at least Some coordination with 
the building electrical systems4 Determination of the 
actual impact of modifications is not within the scope of 
this reviews 

Potential Modifications. The following eight line items 
are proposed as minimal additions to the WAO 
instrumentatioll and control systems. No major 
modifications to the existing building systems are 
identified; however, the building electrical .systems will 
requirerriino.r coordination with the modifications' listed. 
In addition, 'other modif ication smay be required in 
conjunction with process modifications developed in other 
sections. 

Item 1. Provide automatic control of hot water startup, 
including the following functions: 

a. Control of steam heat input as required to ensure·that 
the "temperature rise per unit time" specification for 
the reactor is not exceeded. 

b. Interlock to preclude any possibility of pumping raw 
explosive slurry until the system is at opeiating 
temperature and pressure.' 

c. Additional instrumentation to indicate water flow 
(and/or slurry flow) at various points in the 
circulation system. 

Item 2. Provide additional valving arid semi-automatic,c 
interlocked control for the p+essure control valve (PCV1, 
PCV2), including the following functions: 

a. Additional instrumentation for pressure indication of 
,the valves~ This indication would automatically 
indicate. impending" blockage and allow automatic or 
semi-automatic'switchover to the standby valve prior 
to the necessity of a total system shutdown. 

b. Incorporate additional valvingfor isolation of PCV1 
and PCV2, with appropriate valve position indicators 
and interlocks to preclude any possibility of pumping 
slurry through a valve with an open drain. This 
modification involves installation of additional 
isolation valves on the exit of the PCVs which operate 
in conjunction with valve number 242 and installation 
of a remote operator on the drain valve (#95) from 
each PCV for operation 180 degrees out of phase from 
the isolation valves. 

c. Consideration should be given to installation of 
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flushingconnecti6ns tothesePCVs which would allow 
r.emote fluShin9 during operational periods, especially 
in theevent·of a plugg in9 si tuationwhich ,. has· caused 
switchover to thestandby'PCV. 

Item 3. Provide additional instrumentation on the 
. oxidized slurry cooler to indicate. presence' and/or flow of 
cooling water.. Present ins:trument.ation indicates water 
temperature:onlYrthis,is insufficIent as the absence of 
flow could result in erroneous temperature' indication. 

. -, -. ' 

In addition,· provide automatic proportional cooling water 
flow adjustment (valve J~6.8')based on temperature. readout 
ftomTE8~ 

Item 4 • Add additional instrumentation for indication of 
airflow at> the point of injection into the' reactor and 
into the l1igh pressure water l:ine·... .This indication. wi'II 
provide much faster indication ofa:f.r system failure than 
th~ present system utilizing th~ oxygen analyzer 
¢iownstream(OA1)~ 

Item 5. Additional instrumentation to indicate level in 
the separation tank~ 

Item 6. Consider additi.onal instrumentation for analysis 
of afterburner effluent; this modification may be limited 
to provision for sampling ports, depending on local 
regulations and sampling requirements. The extent of 
additional instrumentation requirements may also be keyed 
to experimentation with. other waste materials' in 
evaluation of the WAO system capabilities. 

, 
Item 7. Investigate possible methods of. determining the 
ratio of water and explosive in the reactor. This ratio 

. could· be critical in. controllIng oxi<:1ation rates, and 
could be affected bytheoxlclation process itself. 'LoSs 
of water content in the reactorf6r'any process could lead 
to d.etooa.tion,. and seems·· to be.a, critical process 
parameter. 

Item 8;.. Modify control panel. .The: ptimarychange 
requiredcons:Lsts of wiring m.odifi.cations and/or add i t'ions 
to provide indicat,Lons.from.added instrumentation, . 
i ntarlock fi.mctions, .. · and. additional .' automatic' functions. 

'l'wo me·thodsshould be evaluated in developing the control 
panel modifications: (1 ) using additional. hardwired relay 
logic and (2) installation of a programmable controller. 

The' control modifica·tions proposed in i.tems 1 through 7 
above ar.e nO.t extensive; hence, installation of additional 
hardwired controls would> not be difficult. Howev.er, 
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f future logic modification requirements I",hich tepd to 
surface during stattup and debug functiqns become 
incr~asingly difficult and costly to implement. 

Installation of a programmable. controller would be 
advantageous since logic ~odifications Qr additions is a 
simple matter of re-:-programming. However, the typical 
drawback of programmable controllers is that program 
memory reqfiiresconstant'power~ Most s~stemsavailable 
come standard with battery backup for memory protecton 
over short term power shutdown. The planned operation of 
the WAO system' appea,rs to be' intermi ttel1twith periods of 
extended shutdown, which could resul tin loss of system 
memory_ An alternative would be to utilize non-volatile 
memory storage devices~ however, this should not be 
implemented until final system shakedown has be~n 
acComplished. 

One additional advantage of utilizihg aprogrammabl~ 
controller is the ease of interfacing to other syst~m 
operations (e.g., utility controls, fluid bed incinerator 
system (i f required), or a centralized control/data 
center). This, may be an important consideration when the 
entire facility control is evaluated and facility 
systemization takes place, and should not be overlooked. 

7) Slurry Cooler 

Description. The oxidized Slurry Vapor (OSV) cooler 
is used t.o 'cool the OSV down from 572°F maximum to , .. ', 
120°F minimum, the cooler functions~in the same manner 
as a shell and tube heat exchanger. The OSV is 
circulated through the tubes releasing heat to the 
cooling water that is being circulated about the 
tubes. The heated water is,discharged from the cooler 
to a sump and from there to the cooling tower. This 
subsystem is illustrated in Figure WAO-4. 

,Evaluation and Potential ·Modification. The oxidized 
slurry vapor (OSV) cooler should'perform the necessary 
cooling before th:e OSVenters t:he pressure control 
valves. Since there are no drawings available that 
i nd icate the. size of the coole.r, it can only be 
ass~med that zimpro, which has had several years of 
experience with WAO plants, has adequately sized the 
system. Since the cooler was originally designed for 
sewage sludge, modifications should be made to 
accommodate safety requirements for PEP wastes and 
increase the life expectancy of the slurry cooler 
controls. In the past, Zimpro obviously has bel ieved 
that the operator coul6 walkover to the drain and see 
if fluid was flowing. A remote TV camera could be, 
installed in the operator's place, but this would not 
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alert the operator. as;quic~ly as a flow· indicator that 
is attached to an alarm. The flow indicator should be 
installed on the discharge or outlet of theOSV cooler 
for bestresults~ .If it were mounted~onthe inlet, 
then a level ind.lcator and alarm should be mounted on 
the top of the cooler to"ensure that the cooler has 
theproper>water levels and the fl.ow indicator' 
indicates ,constant-water flow. 

The only other recommendation is with regard to the 
piping~details of the cObling water supply (CW-5). It 
isa generally accepted practice to install a gate 
valve and strainer prior to the control valve (valve 
268) • 

Na1::ural1y,thisfeature is not needed and does not 
enhance the sQ.,fety of. the cooler ,but it would 
increase the life expectancy of the control valve and 
reduce.maintenance costs. 

The control valve· should be checked to make sure that 
it is normally open in case the valve were to fall, 
allowing cooling wate.r:; to continue to circulate 
through the cooler. 

If the wet air oxidation system were being used to 
dispose of materials that allowed personnel .. to be in 
the rea.ctor building thePCV could be observed 7 
however, .this is not the case. The only provisions 
that are made availabl~ for the detection of aPCV 
that has failed is a pressure regulation and 
controll.er (PR,C) upstream. The same PRe sould also be 
used to detect any OSV cooling system. failure. 
Therefore, the entire line- from the PRe would have to 
be' inspected to find where the slurry was plugged up, 
increasing shutdown time and maintenance costs. 
Therefore, it would be desirable to have pressure 
gauges and recorders mounted near the PCV~ 

It is assumed that all the valves except the drain 
valves would fai~ in the open position. More data is 
requi red to veri fy th is. 1\1 so , it is .assumed that PCV 
valves~hould be made out of stainless steel or some 
other non-sparking material. 
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8) Process· Control Valve (Slurry) 
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Description. The ProcessContrbl Valves (PCV) ,are 
used to control the slurry flow rate. c:ihd 'regulate the 

operating pressure,.tht;oughoutthe~(entiresystern. By 
controlling· the pressure and slurry flow rate, the pev 
actually contro.lsthe rate of oxidation taking place 
in the reactor. Therefore, the operation of these 
valves is essential. TwoPCV'sas provided modulate 
open and. . closed to maintain a· constant pressure and· 
flow· rate., Fi.gure: WAO-Shasbeenprovided to show 
wnere the pres:sure control valves are located in 
relation. to>the res:tof the' WAO system. 

Evaluation. In general, the pressure control valve 
system' isadequat;e. Itis'as$umed tnat·, Zimpro, which 
has: had, several years of'exper,ience in 'sizin~, valves 
for slurry"has properlys,iz,ed.thevalves. . However, . 
there are a few modifications recbmmendedfor the use 
of these valves with PEP wastea~ 

Potentia,1 ModificatIons. Most, of the modifications 
and recommendations preSented allow greater 
versatility and control of the slurry. The overall 
performance and efficiency will not change much~ 

As we understand howthesepCVsare used, there is one 
PCV that is used as a standby: a. selector switch 
operates the solenoid valves that 'determine' which pev 
will control flow. The' pressure control valve is 
e'ssential' for process operation, therefore,,' if one 
valve, wereto£ai1, theSEHector' swi tch" would send a 
sigrial to close the sOlenQid valve to that PCV and 
send a signal t'o open the other PCV simultaneously; 
even when the one PCVisri6t being used. If the 
valves modulate' often,. ,the l'ifeexpectancywould be 
lower' than if·' the contro.l val\7'es were. operated 
indeperidently~ . 

On tne6utlet. of the FCV,', there is no solenoid valve. 
If by. accident the ball valve' ,to the drain or cleanout 
to. the. pev was opened itwoulddisctla,rge slurry out 
th&.drain. A mor~ compleWbut better systeM would 
have a solenoid·actuated.>ball valve on' the outlet of 
thePCV.· " This valve'would. be actuated simultaneously 
with the inlet solenoid valve to thePCV. 

Also a solenoid ball valve should be installed on'the 
drain discharge. Thus if the· valve would fail , 
midstream in operation, the inlet and outlet valves 
would close while the drain valve opens to all the 
slurry contained in the valves to drain out. This 
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measure is to prevent high maintenance costs involved 
if the slurry in the PCVwe:re allowed to set up or dry 
out'., 

9) High Pr.essure water Pump 

Description. The high pressure. water pump is.normally 
used only in starting up the WAO.system. As the 
systemreachesi·~s.operatil1g. temperatilre,·.the .high 
pressure slurry pump starts upandthehigh>pressure 
water' pump'·s:flo,~.Js.re.9uce(L.toze.ro •.. ' An; option to 
bypass the heat exchangersin:order t.o. fe~dislurry 
d:irectly iritothereactor is .;:\J.so proyide<:3 •. In that 
case theb·ig:hpressqrew:ater PQmp.would!~Qpe:rate, 
thraughout~; 

. . 
The pump is ~manpfacturedbyunionpump Company of 
BattleCreek,Michigan~I,tisa:, 1 "x 2~3l4" TD-30 
direct connection with 7-1/2 HPvaridrive motor. It 
is designed to operate the 10 gpmat 2400psig. 

Evaluation. Thehign presst:1re:water pump is' of proven 
design" for the WAO con~ept and is acceptable i.n' this 
application. 

PotentialModifications..The high pressure water pump 
is of'proven design.in similar systems that are not 
handling energetic .materia:ls. The system;is to . 
operate'oncoolingwa:t~r provided' by CW"';;1/CW-7 lines. 
U'ndernormal conditi'ons no problems are anticipated 
and the design would be acceptable. Under upset 
conditions# if the· water feed{s from a recyclable 
source, it i~ suggested that an inline liquid filter 
be· installed to ensUre that no solid energetic wastes 
would' enter. the>highpressure pump •. It.isreconm\ended 
that this fil.ter beaf the disposable cartridge type 
to.eliminate any friction or pincnareas associated 
witha'cleaning device. 

10) se.para.tor. Tallk System 

General. This section provides- an ana'lysisof the 
vapor/oxldized liquid separation. system, Figure.WAO-6, 
located in the equipment buildinclr and includes the-· 
separa.tortank, the recycl.epump,: the recycle: 
aftercooler.,.Cind .. the attendant piping. '. 
Instrumentation, control and electrical considerations 
'are covered' elsewhere within this analysis. Valve and 
line numbers cited herein refer to those shown on the 
zimpro.record dra:wings of the system. 
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Summary •. We judge this system to be acceptable with. 
nor~visions required; however, an optional 
modification is described herein. 

Evaluation. This is a very straight-forward system, 
and we see no major problems in it. The·major 
component is.t:heseparatortankinto which the 
feedstream flows,and in which separation of the 
liquid and vapor,phases is accomplished. This tank is 
a vertical, 4-ft .diamteter cylinder approxima.tely 
6 feet high fabricated of 316 stainless steel. The 
oxidized Slurry/vapor mixture 'entersthevessel 
sidewall tangent.lally near the top. through a baffled 
port •. · Vapors:arE~'drawnfr.omthet.opofthe t:.ank 
throu9h twocormections ; one' line feeding the oxygen 
analyzer (for process cont:rol} and the other (main 
line) . feeding vapors through the scrubber to the 

. afterburner. Th'e scrubber. and afterburne"rsyst:em 
analysis is included elsewhere in this evaluation. 

Oxidized liquid which accumulates in the lower part of 
the separator tank exits from the bottom and passes to 
the recycle pump from whence it can either recirculate 
through the aftercooler back to the separator tank 
(for temperature.condi tioning) . or can pass to the 
suction of the high pressure water pump in the reactor 
building.. The above routing option. is selected by 
appropriate valve positionin~within the recycle l~op 
piping. 

Additionally, ·an. overflow connection in the'separator 
tank sidewall allows th~ oxidized liquid to pass out 
of- the reactor system to the water treatment plant. 
Flow through this line is governed by solenoid valve 
*244 located near the tank. 

The separa.tor tank and attendant piping' system should 
not handleunoxidized (or partially unoxidized) PEP 
slurry, 'since. the equipment is: located. in the 
non,...ha,z·ardous are?l.From the available operational 
informCitionthiswill not normally Occurihowever,we 
believe that the system does not include the means to 
positive.ly preclude this during abnormal operations or 
system upset._. Additiona:·l discussion of unoxidized 
s'lurry carry-over from'. there'act:.or is included in the 
section entitled "Slurry System - WAO Process,"' 
evaluation. 
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Within the oxidized slurry system .of.thesepara·tion 
tan,k, there.are over 15 valves (a'll manually operated 
except for one sole,noid actuator), one pump, and 
several indicators (including tank liquid level). 
Sincet·here are no automatic controls in this area, 
proper. operation depends upon operator attention. 
Based upon th,e simplicity of the equipment, we judge 
this to be acceptable; however, we have described a 
minor optional change later in' ,this evaluation. 

There is a portion ofth is system whi,ch was unclear, 
due to a discrepancy in the drawings ,which, however, 
did not result in any recommendations, but which 
should be clarified. The Zimpro s.chematic drawing 
#I-18,..P-303 shows one vent connection to the separator 
tank. The piping detail, dra\'ling #J:-18-D-502 shows 
what appears to be two flanged vent lines from the 
t.ank through the r:oof; one vent connects to the tank 
top (shown in Section C-C ) and ,the other connects to 
the tank side (Section A-k). The tank detail, drawing 
#I-1.8-D-216, shows no flanged vent connection to the 
top ofth.e tank. 

'Potenti!=lltJlodifications. Liquid level in the 
separation tank is presently monitored by visual" 
observation of a sight glass attached to '. the tank. 
The sight glaSS range is only about 18 inches which 
covers a very short span relative to the total tank 
height. As an option, we recommend that an automatic 
level indicator/control device be installed in this 
tank to provide automatic control of tank discharge •.. 
This feature would also require replacement of several 
exisLtinq manual valv.es- with automatic actuation 
valves,-probably ·solenoid.For level sensing, we 
recommend a probe type device such as manufactured by 
Warrick, Endress-Hauser, or Combustion Engineering, 
Natco Division, (conductance, capacitance, sonic or 
nuclear). Installation of this automatic system would 
lessen operator responsibilities within the equipment 
building and would definitely improve operational 
reli abi 1 i ty. 

The above option is the only modification recommended 
for the separation tank system. 

11) Afterburner 

Description~ The purpose of the afterburner in the 
Wet Air Oxidation system is to complete the 
destruction of the fumes or gases coming off from the 
liquid gas separation tank •. These fumes 'first go 
through a wet scrubber and then to the afterburner. 
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Theafterbulmer oper;-atesat1200° F to ensure 
des.truction of ca·rbon. monoxide and to eliminate any 
visible water vapor plume· from ,the stack. 

The afterburner ·is. azimpro Model ZIF! 800-0, and is 
shownin;drawing numbers cI-18-D~701 and' 717~ Its 
overall height is l4} O"including the 37" high stand. 
It has an interior diameter of 22...;1/2.". It is 
insuIa,ted with3"'ofBabcdckari'dbadked. with an 
additional 4" of Griptex BLoCk i.nsulation •. There are 
two inch flame inspection port for visual illspection 
located 65-T/2'" from the ground.... . . 

The on'lyinforma.tiongiven on', the burner is that .it 
operates on#'2 fue·loil··ata rate of 2. 56 to 7 ~O 
gallon per hour. 

Sllmmary •. The-afterburn.er has been evalua·ted from the 
standpoint of heat capacity, residence time design and 
pressure drop. The supporting calculations and 
assumpt.ions;made are included. in the Appendix. Based 
on the information available ,the existing. afterburner 
is acceptable with only minor modifications to the 
exhaust stack and possibly the burner system as 
suggested. 

Eval.uation. The size and capacity of the afterburner 
was evaluated and the detailed calculations are in the 
Appendix .. 

The afterburner is expected to be able to heat 375 
SCFMup to 1200°F. Basedon:the available heat at 
this temperature and a. maximum: fuel flow rate of 7.0 
gallons per hour, the afterburner could operate at 
flows' of more than 500 SCFM.· The calculated residence 
time within. the a·fterburneris:l. 05 seconds. At 
1 20 Oop,. this. will b.ea.dequ.a te to destroy ·the· carbon 
monoxide formed. . 

The inlet/outlet duct was examined as far as proper 
s~z·~ng.. The estimated pressure drop across the 
afterburner at 500' SCFM was only 2...;1/2 inches of 
water.. The inlet/outlet du.cting- sizes are adequate. 

The· exhaust stack for the afterburner as shown. in 
drawing- :j/:T-;18-D-511 has a funnel shaped< weather cap. 
This is nota recommended method by either the 
Amer lcan Conference of Gove-rnmentalTndustrial 
Hyg.ienistsor SheetMetal._and~Air_·.Conditioning 
Contractors.' . Nati.onal Association (SMACNA) as shown in 
Figure 6-13 "Ductwork Design D~ta"of Industrial 
Ventilation. Figure 6-22 "Principlesof Duct Design" 
shows the effects of the weather cap on the velocity 
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distribution,.(jurve. It: deflects the,emis:=,;1ort:=,; down to 
the group,d r~therthan up in theqir (or good 
dispersion. This would increase thegxQund level 
concentrations to a point that the allowable emission 
in the stack would have to be lowered. 

The refrac,tory used to line the afterburner. is listed 
as B.abcock and wilcox Kaocrete D. This refractory is 
rated good for aCE and should hold up well .• 

No informa,tion was, available on the existenc.e of a 
flame' qetection system for the· burner or if the.re is a 
mandatory purge cycle in the event of flame Ollt. 

Po,tential Modifications. The weathercapshould be 
replaced' wi ttl a--vertical dischargestackheadof the 
type shown in Figure 6-24 "Stackhead Design" taken 
from. the .. 17th edt tion of Industrial ventilation. Th is 
design~onsists of an e~tension tube dtle~st 3a w long 
by 9" indi.ameter. This will mount directly over the 
existing stack and will allow for proper dispersion of 
the exhaust gases ..The annular space between the IO 
of this exte,nsionand the stack will act as a drain 
for, rain protection.. The cai.nprotection of this 
design is 5uperiqrto the deflectingcdp locfab~d n. 7'5 
diameter from the to~ o~ the ~tack. 

A portion of the wastes slated for disposal will be 
flammable liquidS. It is recommended that the 
possibility o,f burning ,these as a fuel in· the 
afterburnerbe,~xplored. Because o£ the ~iscosityand 
heating value of ·these l:i,.qutds, it- may be desirable to 
mix them with nufuber 2 fuel oil. Minor modificatf6ns 
may be required to the burner or the combustion air 
blower to handle the new combination fuel. 
Temperature control for toe. fuel.storage tanks and 
lines may be necessary to maintain pCrJper. ,Tis(]osity 
levels. ' 

From the propellant di,sposaldemonstration tests 
conducted ,in the early 70's, it was observed that the 
av~ll~ijle' okygen content ~irectly ~ffectedthe NOx 
an CO ,quantities. The.,lower availableoxyg.en produces 
$ubstanti,ally less NO x but about 3 times the co. 

It is suggested that it is best to operate under the 
low oxyg~n condition. This reduces the potential for 
NOx formation yet is still effective in destorying 
co •. 

Details of the.burner system were very linlited. A UV 
detector. capable of continuQusly scanning for. flame 
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and a mandatory purge> system before the afterburner 
can~be 'reignited is suggested asa safety feature if 
they are not nowprovided~ 

12) Vapor Scrubber 

Description,. The packe~ wet scrubber is' detailed' in 
drawing, number 1-18-D-702. TBe scrubber's overall 
vertical height is· 11:' 6 ... 1/2", and has'a. 12"inside 
diameter. The entrance port is6" diameter schedule 10 
pipe and"'itscel'lterlineis' located~6'.ffromthe ' 
ground;~.Th~bedheight is 60> inches, however, no 
information is given on type ors,ize of paqkfng 
material., The liq~idflowintothe packed bed is 2 

,gallons per minute and 'is ,int.roduced thrOugh a single 
, nozzle located 12" abovethe.bed. ' , 

The> purpose of the scrubber is to clean/the gas stream 
comin90ff the separator ·tank ofharmfu! g~ses such as 
acid mists or halogens. . ~ 

Summary.' ',' Based on the given information and flow 
assumptions developed fromthe'preliminary test data, 
the packed scrubber designated for this system is too 
small~ Based on sizing inform~tion for the EPA, the 
recommended, tower diameter should be 22.4". Due to 
time constraints, the recommended tower heights and 
optimum packing type were not determined. 

Evaluation. The packed wet scrubber for the wet air 
oxidation, (WAO) unit was analyzed based on the 
following information: 

,Inside Diameter- 12" 
Liquid Flow Rate - 2 gpm 
Packing Material - Assumed 1"· R.aschig Rings 
Gat;> Flow- 500SCFM " 

The scrubber was sized'per guidance from 'EPA's "Air 
Pollution. Engineering: Manual. uBased on the above 
data, calculations were performed to determined the 
required diameter'. 'Therecbinmended tower size was 
computed tcr'be 22.4' inches, therefore; the existing 
12'" 10 tower on, the wAOis not recommehded;~ 'Back 
caTculations showed, that the 12" tower was rated for 
approx'imately; llOSCFM. 

The height of the bed for this tower was not 
calculated. Based on the assumption that the tower 
would be used to scrub HCl fumes from the air stream, 
the required calculated; efficiency should, be 97.4%. 
The plot of the equilibrium line for Hel in air/water 
was not linear; therefore, Henry's Taw'was not 
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applicable. Additiqnal data "was required before the 
tower's height could be calculated. Tim~ av~ilable 
for this analysis did not permit thein-depth study 
required to specify~ the actual performance. 

If this system is used, the scrubber design must be 
updated .to ensure that HCI emissions are maintained 
under 4 pounds/hour and particulates to 0.05 grains 
per standard cubic foot. 

EconornicSQrnrna,ry -Wet Air Oxidation System Modifications 

1) Modified System "(es$ent.l.al) 

a. Estimated Construction Cost 
b. D~sign Cost at 6% 
c. SIOH at 5% 
d. Additional Costs - Studies, field 

verification, etc. at 10% 

TOTA.L COST 
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,I 
D~ Eva1uate, Fluidized B.d Incinetation Syst~ms and Ancillary 

Equipment ' 
Devel.0p Modificationsto<Fluidizetl Bed lncineration 
System and Ancillary Equipment ',,(ifarw) , 

General. "This sectiohcovers the' Fluidized Bed 
Incinerator(FBI)~whichwasdeslgned and'installed 
(partiall.y) as part o~ Increment II. 

the Fluidized Bedb 
,lsposma erla s. A 

cursor~ ar ware revlew reveae slgnllcantpro ems such 
as bed carryover and m~intenancecom~lications.The 
calculation review confirmed the Navy's calculations that 
indicate error in the contractor's design. Of greater 
significance, however is the:technolOgy gap that would 
require ext~nsive testing before meaningful 
recommendations ,could bemade'for the system to function 
properly. It_is';}al,$o~:'believedthatcopyihg existing _ 
opeiating incineiators such as the Army1s EWI described in 
Section X would be much more economical than the 
expenditure required to bring the FBI facility into 
productive operation. Therefore, this section of the 
report has been abbreviated to include a broad overview 
that describes the reasons for this conclusion, cursory 
hardware evaluations completed prior to reaching ,this 
conclusion and an examination of Navy design calculations 
conflicting with the original. -

Overview of FBI Techno'logy 

The fluidized bed incinerator has been in use since 1942. 
The application of this technology to_PEP materials does 
pres,ent significant and new technology problems , however. 

An excerpt fro~ Dan Hill's paper ehtitled "Comparison of 
Fluidized Bed Incinerators and APE 1216 Deactivation 
Furnace for Disposal of Explosive Munitions and Explosive 
wastes" is provided below as an introductiori to this 
application for an FBI. 

Technical Discussion on Fluidized Bed Incinerators 

Description. " 

1 • The fluid bed principle was first developed for 
batalytic cracking in the oil industry in 1942. Since 
that time interest in this unique principle has 
resulted in the development of the technique for a 
wide variety Of industrial-applications. 

2. A fluid bed burner is a large, refractory lined vessel 
with an air distribtition member or plate in the 
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bottom~ a hot gas outlet in~~r near the top and some 
provisions for introducing fuel. The actual fluidized 
bedi,s formed by blowing air up through a layer of 
inert particles at a rate that causes the particles to 
go into suspension and continuous motion--analogous to 
a,boiling liquid but with solid particles; therefore, 
the term "Fluid Bed". It should be noted that the' 
media used in the burner remains as a granular solid. 
The material to be used as a fueL is introduced into 
the preheated bed, either from the tbp or by pneumati6, 
injection into the fluidized bed. Material may also 
be fed into the bed as a slurry. 

3. The primarY funct,ions of the air-fluidized inert bed 
material are to promote dispersion of incoming 
solid-fuel particles~ heat them rapidly to ignition 
temperature, prevent surface ash buildup,and promote 
sufficient residence time jor their complete 
combustion within the combustor. Secondary functions 
include the uniform heating of "air, and the generation 
of favorable conditions for residue removal. 

4. The, fluidized bed combustor greatly increases the 
burning rate of the solid fuel for three basic 
reasons: 

a. The rate of pyrolysis of the so~id material is' 
increased by direct contact with the hot inert bed 
material. ' 

b. The charred surface of the burning solid material 
is continuously abraded by the bed material, 
enhancing the rate of new char formation and the 
rate of char oxidation. 

c. Gases in the bed are continuously mixed by the bed 
material, thus improving the flow of gases to and 
from the burning solid surface and enhancing the 
completeness and rate of gas-phase combustion . 
reactions. 

Capabilities. 

1. Fluid bed burners provide the most benefits when 
deriving energy from problem fuels. These fuels are 
typically characterized by high moisture levels, slow 
burning rates (such as char), large material size or 
high inert levels. Successful testing has been 
conducted on such diverse fuels as high sulfur coal, 
petroleum coke, woo.d waste, municipal solid waste 
sewage sludge and chemical waste utilizing fluid beds 
of sand limestone. 
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2. in certain cases, the fluid bed can be used to control 
the chemistry of the combuation p~ocess. One example 
of this ia the use of a.limeston~'or dolomite bed for 
controlling the 802 emissions during combUstion of 
high sulfur fuels. The sulfur dioxide>combines with 
the calci~moxideto form a solid, calcium sulfate, 
which is removed from the burner during operation. 

Support.' Equipment. 

1. M,aterial to be consumed may either be feain bulk to 
the fluidized bed by conveyori or injected into the 
bed in the form of a sludge or slurry. Material fed 
in . bulk needs, Ii ttle or no preparation. . However, 
materials fed in sludge or slurry form require special 
preparation, handling and feed facilities. Equipment 
required would consist of a shredder and/or. a mill 
facility ,.a mixing and injection system,and a control 
system. It should be noted that the slurry 1eed sy~tem 
is required to capitalize on the high efficiency and 
specialdesigh features that the fluidized bed 
inc~nerator has to offer~ 

2. Special preheatersare required to precondition the 
sand bed. . 

3. A secondary fuel sy~tem to support combustion is 
required. The size and complexity of this system 
would depend on the burning characteristics of the 
material to be burned and the moisture content of the 
slurry or .sludge. 

Characteristics. 

1. The Fluidized Bed Incinerator, with its support 
equipmen.t, is a versatile and effective facili ty which 
offers many advantages in burning waste mate,rials: 

a. Bulk material or sludges and slurries may be fed 
directly into the fluid bed~ 

b. The chemistry of the combustion process in some 
instances may be controlled by additives mixed in 
the' slurry or added to bed materiaL· These 
additives are used tocdntrol emission and residue 
products. 

c. The hiah constant heat content of the sand and 
contin~al mixing of sa no and c6mbustible material 
result in combustion efficiencies. 

d. The fluidized bed incineration system lends itself 
to steam ~eneration for the production of 
electrical power. 
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2. Because of .the. cornplexit·iesand' support equipment 
associated with> the fluid bed,. there area:1so many 
disadvantages to the system: . 

a. 'J'he system does not lend i tse·lf to a4 O-hourweek. 
Down timeS of 16 hours (overnight) do not present 
serious problems. However, down times of 64 hours 
(weekend) require 2to 3 hours of start-up time. 

b. The system cannot sustain any detonation involving 
fragments or overpressures .because of the . 
refractory material. 

c. Th~pressure drop across th~ flu·id bed is usually 
·30 to 80 inches of water column. This requires a 
~high pressure~ f~n. 

d. The efficiency of the fluid bed decreases when the 
bed reacts in the combustion process, or when a 
sticky residue results from the process. 

e. Complexities and support equipment required to 
operate a .fluid bed incirteratornecessitate high 
capital costs. 

This ends the material taken from the referenced 
paper. 

History of Technology as Applied to Explosives and 
Propellant Disposal 

An understanding of the history of the application of the 
FBI to explosives and propellant disposal is considered . 
essential to understand current technical problems. The 
Navy borrowed the FBI application for PEP disposal from 
the Army's development prog.rams at P icattiny Arsenal 
(ARRADCOM). The Army, however, has now. essentially 
rejected the use of the FBI for this applicati()n. 

ARRADCOM is designated as the technology center for the 
.Army'sloadlineand ammunition plantS. These plants were 
faced with PEP disposal problems similar to NOS. 
ARRADCOM's first effort was the development of what has 
become known as the Radford Rotary Kiln. This kiln 
incinerates PEP slurries and uses a refractory lined kiln. 
It is extremely energy inefficient because of the water 
that must be evaporated during 'the incineration process. 
ARRADCOM investigation of the FBI was an attempt to 
develop a more' efficient system and to reduce NOX 
emissions. 
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After this investigation, ,the Army' production group 
"became aware" that the technology' for using a rotary kiln 
h.ad been in long time .use by the'office'respons ible for 
design of equipment for demili.tarization of ammunition and 
explosives,- the Ammunition Equipment Office, AEO. None of 
this"technology had been used in the Radford design. 

The AEO kiln was an unlined kiln that could withstand 
detonation of up to 1/4 lb. TNT equivalent without 
equipment damagaand could sustain up to 5 lb~ detonation 
without,ris:k to operators. Furthermore,' this system could 
be readily adapted to 10ad1ine PEP waste and could handle 

,the material in a dry form. This eliminated the. major 
.drawbacks from the Radf.ord $iln. Huntsv'illeCorps of 
Engineers (COE) became responsible for providing PEP 
incinerators to the load plants. ,This adapted AEO kilo, 
became known as anEWI and was adopted by Huntsville COE 
as the standard system and installed at a variety of 
installations. 

Before the adoption of the EWI, ARRADCOM' s w.ork with PBls 
was being widely proclaimed as it was only being compared 
to the Radford design. The Navy at NOS was under pressure 
to begin eliminating their openburriing and elected to 
investigate the use of the FBI for the waste streams that 
theWAO .could not handle. However, in 1976, the FBI was 
tapped not only to be a test facility but a production 
facility for disposal of all the locally generated PEP 
material. 

A significant technology gap exists in applying this 
~ystemto PEP material. The ARRADCOM testing was limited 
to short test runs and did not test a wide spectrum of PEP 
materials. FurthermQre due to £unding constraintsi their 
system was a modificat.ion of other equipment. Therefore, 
it was unknown whether operational problems encountered in 
these tests were due to the application of the'FBT or the 
fact that original design equipment was notused~ 

Some test data by EXXON did exist that indicated'bed 
"lockup" problems could .occur with some PEP materials. 
ARRADCOM did. not h~ve funding to test ~hese materials, 
however. 

, . , 

To this. <:late, no full-sized FBI system has ever been 
$uccessfullyutilized for production rate disposal of PEP. 
It must b~.emphatjcally stated that technology is not 
pre~ently available to m~ke· the NOS FBI function as 
intended~ A high level of development and test work is 
still required before modifications can be recommended to 
use this facility for production. 
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In support of I:his. eluph,atiqs tateI'1~nt, the foIloltling 
s~pporting evidence is cite~: 

1 • i\h ~lBI erect.ed atPiI1e .afuffkrsenqTsixy~ars ago for 
the. dis~osal ofP~p~till Is n6£ operati6n~rdespite 
pngpingmodi.fication progrCims. Total bed _lockup was 
experienced early in start.:..up. 'Recently an explosion 
or 'rapid bl.lrn within the bed caused extensivedafoa~le 
to.the system. :l'heexactc,aus~ of the. incident. is 
still underinvestigational)dthe required' repairs 
will further delay theop~~a~i6n of the FBI. 

2. The ArIl\Y en.tered into a contract in mid 1981 with MRC 
to prove or disprove this technolo9Y.. The contract 
was appcoximately.$750,OO.O. MRC waq directed t:otesi: 
aselected'variety of materials (6). The original 
contract time period i~ long over schedule but the 
final report is not yetavCiilable. 

The Army has drawn concl,us ions, however, from tes t . 
observations •. Although further eXPerimental: ion and, 
testing will likely continue, the. Army does not loo~ at 
the FBI system for BEP disposal ~s proven technology and 
was very disappointed with the results. of the MRC tests. 
They experienced axtensivefeed system problems, p.roblems 
wi th flashing and chuff ing oc incomplete combustion ,as 
they changed feed material, and bed agglomeration with 
aluminized material. Attempts to resolving prOblems 
during the course of the study and tests were largely 
unsuccessCul. .. 

"l 

Aeroject Liquid Rocket Company has disposal problems -with 
propellants,very similar to NOS. The .n.eroject Energy 
Conversio.nCo!upany, a part of the Aeroject Liquid Roc'kei: 
Company is considered one of the foremost developers of 
fluidized bed test facilitj.es. Becau~e oft-he in-house 
expertise they possess with their techno;logy, they have 
unde.rtaken a program to dispose of tIle irwastes \,,1, th an 
FBI. The Aeroject executive report wa~ very:positive on 
the initial program. Despite their expertise,after one 
year of development ,effort, th,eystill recognize that 
further deyelopment work is required. 

It isbeliev~d that the exi~ting .technology gap Eor 
application oE.the FBI to propellant waste~3 is: [=·a·(" luore 
serious than Elaw$ with the cucrent~quipmentdesign at 
NOS. It is thereforestronglyreqommended that hardware 
modifications not be perf6r~eduntil techriologyprogresses 
to the point that NOS may be assured that a workable 
system may be pt()vided by moJiflcatfons. 
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Apparent choices for the" facili tyare: 

1. Let technology progress on its own and then borrow it 
and ~pply 'it at ~ later date. 

2. Dire6t technology advancement by fGnding i£, thu~ the 
endresul t could be reached sooner. 

3. Abandon,' this technology in favor of another for PEP 
disposal; and develop an alternC3,te use (if possible) 
for the FBI. ' , , ', 

Many intangible~ are involved in making this selection 
that c~nnot be£ully ap~reciated duting this 5tudy. A 
f~ce value examination of consid~rations for these choices 
i'sprovided. 

The technology for PEP disposal using an FBI is being 
developed now at vario6s locations~ Pine Bluff Arsenal 
personnel are try iog to make, a full 'sized FBI work • MRC 
and Aeroject are both handling materials similar to NOS, 
but both 'are using small test type facilities of 12" ' 
diameter or less. As we have monitored ,the progress of 
both these programs, solution to technical problems have 
been, slow. Typical developmental problems areas discussed 
below. 

Aeroject found that some of their propellant swells as 
much as3 times after slurrying. They, therefore,believe 
a final regrind right at the time of feed may be 
necessary. Aeroject did find a way to recover aluminum 
from "the PEP and ha~ elected to continue in the~irection 
o,f usr:ng an FBT • However, other problems must still be 
solved before they scale up. These ,include the formation 
oL HCN and feedpreparat ion and handling developments. 

';NlRC also had feeding problems. They ,elected to ,increase 
bhe water ratio during traosfer,and then dewater somewhat 
right at the feed station. Feeding problems still 
perststed, however. ' , 

A proprietary underbedfeed method develope"d by ERCO of 
Cambridge, Massachusetts fot use ina dry fe~d h~s 
potential for eliminating these feedproblems"and also 
would eliminate the tremendous energy consumptiop for 
"burning water" in the slurry.'l'hissystem is yet untried 
for, propellants and the exact applicat.ion would have' to be 
thoroughly developed and tested. 

MRC is doing their;: work as a government contract,' thus, 
their final report will be available to the Navy. 
Aerojet is performing their work on in-house assignment, 
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thus much lot their data is propr{etary~ Howevert ~s 
Aerojet has elected to use this technology, they will 
continue development efforts. 

It may be that Aerojet will field a workable production 
system io' the future~ and the Navy could putchase 
application of their technology development provided by 
the~r program at much less cost thal'ldirectly funding the 
developments. The disadvantage, of course, 'is that no 
timetable can be accurately establish~d, " 

With respect tofundJl'19 further equipmentdevel6pment, it 
is expected that a relatively expensive test program would 
hav,e to be conducted prior to recommending any 
modificatio!,)s to the NOSFBr. MRC studies showed that 
results varied greatly from one feed stock to another and 
it must be remembered that these tests are on a much 
smaller scale. It would be 'strongly recommended that only 
a highly qualified contractor,familiar with the current 
and past development work provi\de future testing so as not 
to repeat past mistakes '~nd relearn new solutions. An 
example program would require a review of existing 
operating parameters of the NOS FBI.designand then 
cO,nduct testing on NOS material at their facility on a 
smaller diameter test FBI. All of the probl~ms would hav~ 
to be resolved on the smaller unit befoteany design 
mOdification could be recommended. For budgetary 
purposes, it would require $200-500K to conduct these 
tests to reach a point that meaningful modification to the 
NOS" facili ty' could be recommended and this assumes 
optimistic test results. 

The total costs to modify NOS FBI facil,ityto make it a 
workable system cannot beaeterminedwithout first 
performing this development testing. Also given as a 
concern with proceeding with the FBI lstqat the system is 
complex. Aerojet will have'the luxury of a large 
qualified .staff to provide continued support to their 
facility if fielded, a luxury the Navy doef? not enjoy. 

For the above reasons, it would be our choice to select 
Option 3 ,thatthetechnology be abandoned in favor of 
another. It is belived that with time and'moriey, this 
system cart be made, to operat~~ However, with less time 
and less money, an EWIas currently operated by the Army 
at three ins.tallations could be installed to replace the 
FHL· This is discussed fur·ther iri Section X. The 
unfortunate part of this choice is the seemingly wasted 
expense of bringing the facility to its ptesent condition 
and then abandoning it. The Navy may not want to place 
themselves in this light. This couldb~a:ll~viated if an 
alternative use could be found for this facility, as 
discussed in Section X. 
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The Navy, posi t i'<)nis defendable· to a point, in that the 
fact .that c.the. Navy was working on'alternativeshelped 
convince the EPA to permit openbttrning. Also, many of 
the problems using the FBI on PEP materials were not known 
at the ttmethe decision, was made, to install' it and the 
EWI was not fielded at. that time •. Also, the success of 
the limited A;RR1\DCOM testing was being very enthusiasti
cally prq¢laimed by proponents of the FBI and the 
shortcoming~sof the scope and depth of the testing were, 
being minimi~ed~. ' 

System Components- Phase. (or Increment II) 

Despite the fo,r:egoing di:scussion,system components or 
fixtures wer'e analyzed to a limited extent. Those systems 
or features include the following: 

1. l?edMat~rialFeedsystem 
2. Fluid Bed Incinerator Feed System 
3. Maintenance Acc,essibility 
4. Calculations ,for FBI Entrainment 

t) Bed Material Feed System 

General.. This is an independent system used to feed 
the alumina bed material into the FBI. It,is located 
(not presently installed) outdoors, approximately 15 
feet south,of the FBI, and was supplied as a package 
unit by Whi:rl Air, FloW, Corporation, Minneapolis, 
Minnesota., There are threemajorcompone,nts in the 
package: (a) dust collec~or , (b) bagbre,aker, and (c) 
transporter. 

Thi transporter is essentially a 50 cubic foot hopper 
for holding the alumina~material. When operating, 
compressed- air is introduced.into this unit, moving 
the alumina out o.f the bo.ttomandinto a pipe <system 
wh:ich .conveys 'the material. ,to the, ;1\'B1. The alumina 
enters the,upper.sidewal,l of the FBI, above the 

, fluidized bed. 
, -

The bag breakrr is .located on top Of the transporter, 
andisa hooded capinet through which the alumina is 
,fed ,into the transporter.' Operators manu.;tllylo.ad 
paper bags of alumina into the bag breaker· where they 
a.re,opened, allowing the contents :to gravity dump 
thro;ugh a t ipping,valye into, the transporter ·body. 
The operator station for the bag breaker is an open 
platform about 8. feet above the ,equipment ,pad. 

The dust collector is mounted on top of the bag 
breaker and provides ventilation air to. minimize 
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alumina d(rst released~ring the bag· breaking 
operation. 'I.'heremainde~ of the feed syste~ consists 
of the .piping and controls, most of.which were 
supplied ,as part of' the equipment package. 

Summary. This feed system is of proven design and 
should "not present any mechanical problems. However~ 
the use of this system is ~ue~tionable frOM a capacity 
s~andpoing, due to unresolved questions regarding bed 
carryover. .These questions are described in the 
following section ,anduntil they arereso.lved, it is 
impos.sibleto judge the adequacy of the aldmina feed 
system. 

Evaluation. The alumina feed system is judged to be 
satisfaqtory from a standpoint of design, operation, 
control, maintenance, and Overall useability fo~ its 
intended use. Our evaluation has disclosed one 
possible ~law in the .system, however, which could. 
r.enderthe system unsatisfactory, and unfortunately , 
the facts required to resolve the problem will not 
become available until the FBI can be run and tested. 

The A & E firm for the project, DCiY and Zimmerman, 
designed the FBI for a maximum bed material carryov.er 
rate of SOO,lb. per hour. NOS engineering personnel, 
in checking. the FBI, expected operating parameters, 
have calculated the bed carryover rate to be 2,000 lb. 
per hour. Both parties believe their calc~lations to 
be correct and the question is at an impasse. Actual 
bed car}::'yover can probably only be determined by 
operation of the sY$tem~ which is, at best, far in the 
future. The alumina feed system currently provided 
will have satisfactory capacity if bed carryover is 
500 lb •. per hour, and unsatisfactory capacity at 
2"OOO/hr. as described below. Our calculations, 
summarized hereinafter and included in the Appendix 
agree substantially with NOS calculations~ 

The alumina storage capacity of the transporter is 
approximately 50 cubic feet. Using a bulk density of 
alumina of approximately 115 lb. per cubic foot, this 
equates to a capacity of about 5,800 Ibs~ This 
alumina qt,lantity would be adequate for about 11-1/2 
hours of FBI operation at a bed carryover of 500 
lb. per hour, and about 3 hrs~ of FBI operation if 
carryover is 2,000 lb. per hour. 

The load station that operators must use to manually 
charge bagged alumina into the. transporter is an 
exposed platform near the FBI which cannot be occupied 
during live operation of the FBI. Consequently, if 
bed carryover is 2~000 lb~ per. hour, requiring 
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refilling6f the transporter ,every 3 h()urs,'the system 
is unsatisfactory because operatorscanndt enter the 
load area ,every 3 hours. ,If carry6verisonly 500 
lb. per hour, the system will be satisfactory as, 
presently configured. 

Potential Modifications. We recommend rio" 
modtficatioosfor the'aluminaHfeed system at this 
time. As detailed prevlously,bhesystern>is judged 
totally satisfactory: except for capacity" and the 
cap~city ,requirerrtentcannot.he ,finali zed at this time. 
we judge that it would be spurious to II\odify the 
system for larger capacity until a deficiency has been 
demonstrated • 

. Ifdf:ficLency is demonstrated atsortlelatert ime , it 
will require a reasonably simple design' modification 
to increase "feedsYl:ltemcapacity byaddirig'another 
feed unit parallel, and/or replacing the existing unit 
with 'one of higher capaci ty • The largest: transporter 
currently supplied by Whirl Air Flow has a ~apacity of 

" 9 o cubic feet, or almost double the present unit. 

2) Fluid Bed Incinerator Feed Syst~m 

Description, EvaluationiPotentialModifications. If 
the fluid bed incinerator proposed to destroy PEP 
wastes at NOS is to be used, thQ feed system could be 
improved. The incinerator waS origiriallydesigned so 
that the slurry nozzles' fed th~slurry within the bed. 
This design was to prevent the nozzles from plugging.' 
Experience has shown that the heat generated by thf: 
bed material will dry the slurry discharging from on 
the no~zle~and~plu9gingwill occur ariyway~ Also~ 
there is lesa~hanc~ fo~ the slurry to get well mixed 
within the bed material to adequately insure that 
complete combustion has transpired. It is recommended 
that the nozzles be designed to discharge the PEP 
slurry near the gr~d where mixing' air has been well 
established and t'he fluidized air, will directly mix 
the wastes throughout the bed material before the 
effluent is discharged into the cyclone. A'fluidizing 
feed system developedbyERCO is· recommended based on 
the 'apparent success of this feedrnethod on a 'wide 
range of dry feed systems • The fe,ed system in this 
case is in itself,.~ miniature fltiidized bed~ 

Also a means for providing the PEP wastes as a dry 
powder instead ofa slurry would be beneficial. 
Dl timately', the PEP waste would be fed into the 
reaction chamber ~yan air conVeyor or some -means to 
prevent propagation back through the supply lines. 
Thus" the amount of energy required to vaporize the 

VI-87 

D 
o 
o 

[j 

iJ' l 

[] 

[] 

IT) 



[J 

[I 

rl 
, IJ 

lJ. 

,', -,,'l 
I , 

I 

3 ) 

\\ 
water would not be requi~ed and prob~emsinvolved 
with- pu~ping slurry and m~intaining a proper PEP to 
water rati6 to prevent propagation would be 
eliminated. 

Maintenance Accessibility 

Description', Evaluation, Potential Modifications. The 
FBI is mounted ,on a structural steel framework some 5 
feet above the incinerator pad adjacent to the 
incinerator building (P-947D). The windowbox is a 
cylindrical steel fabrication, about 5fe~t in 
diameter by about 5 feet long with flanges to the 
bottom of the incinerator body, and hangs from it. 
The incoming main air stream enters the incinerator 
via this windbox. The grid plate in which the bed 
nozzles ~re mounted, is supported, and mounted 
between, the flanged connection between the 
incinerator and windowbox. 

Any operational problem encountered in the area of the 
fluidized bed or the nozzles that requires direct 
access to the bed for inspection or maintenance, will 
require removal of the windbox. Very minimal access 
can be attatned through the incinerator side port, or 
the blowout panels. In any event, we predict that 
following startup, it may be necessary to remove the, 
windbox for inspection at fairly regular intervals. 
This is based on the historY of several other existing 
FBI systems of which we are aware, which encountereq
problems with bed lockup and agglomeration, as well as 
nozzle problems. 

We recommend that the windbox removal clearances be 
reviewed and increased as required to provide ease of 
maintenance. It is recommended further that the 
clearances be such that they will accommodate machine 
rolleis/dollies, or similar devices which could be 
used easily to support and move th& windbox from 
beneath the incinerator~ 

4) Calculatioris for FBI Bed Entrainment 

It was noted that NOS refuted the contractor's 
estimate of the quantity of alumina bed material 
entrainment for the fluid bed incinerator. NOS 
provided calculations verifying the statements made 
against the contractor. The calculations showed new 
requirements for the quality of Alumina bed material 
based on entrainment and bed height. In order to 
clarify any doubt, we have performed and checked 
calculations'in these areas of discrepancy. 
Calculations were performed independently of NOS 
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calculations ~ith the exception that we ~btained the 
valu~srequired for the various propertLes of the FBI 
gas stream. 

Later l it was observed that ther~sults obtained were 
similar to NOS'S because the procedures and figures 
used were identical. Therefore~ the particulate size 
distribution plot from 'the NOS calculations were 
mereJy checked and reused in the verifying 
calculations. 

From these calculcitions~ we are in total agreement 
with NOS on all points being disputed. Calculations 
are included in the Appendix. The major results are 
summarized be16w: 

Amount of Alumina Bed Material 
Material Lost by Ehtrainment . 
Total Disengaging Height (TDH) 
Disengaging Height (DH) 
Entraining Velocity (Ve) 
Maximum Entraining Particle Size 

29,876 lbs. 
2,1061bs./hr. 

23' 
11 ' 
7.5 ft./sec. 

(DP) 280 microns 

Conclusion. In an overall' view, the fluid bed 
incinerator 'has some very promising features. It has 
been used for a wide variety of apglications, over a 
long period of' time. There is not another incinerator 
available today that has as uniform a temperature 
gradient as the FBI. Unfortunately, thephenQmenon 
involved with a FBI are not fully understood, 
especially with PEP wastes. Small scale FBI 
incineration testing has been very limited for PEP 
wastes. Thus, more data and research should be 
performed before using the FBI for ~EP wastes. 

Economic.Summary.- Fluidized. Bed Incinerator Modifications 

1) Modified System (essential) 

a) Engineering and Development 
of FBI Technology as ,applied 
to PEP materials . $1,265,000 

bY Construction Cost of Modi.fied System 750,000 

c) 

Notes: 

Testing 100,000 

Total Cost $2,115,000 

This figure is an extreme approximation. 
includes only norm~l construction testing 
hydrostatic and valve function, not full 
commissioning and proveout. 
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Evaluation of'Wa.st.ewat·er Treatment Equiprnentand 
Interfaces with WAO;FBI .... . 
Potenti~IM9dificat,ion to wastewater Treatment Facilitr 

General. wi th fe.w exceptions the wastewater treatment 
system for Phases I and II are separate. During design of 

.Phase II piping was provided in most instances which would 
allow all fl,uids to be transfered·to tankage and equipment 
supplied unde:rPhaseI. This was presumably to provide 
s;omeredundancy and emergency backup for each phase. 
Since it is the. intent to basically use Phase I equipment 
for the treatment of Phase I waste'i.e., waste generated 
by operation of the WAD unit, and Phase II eqLlipment for 
treatment of Phase II waste, i.e., waste generated by 
operation of the FBI unit, these two Phases will be 
analyzed separately unles.s otherwise necessary. 

System Components - Phase (or Increment). I 

1) Treatment Tanks T~1A, T-1B, T-1C 
2) Circul,ation Pumps P-5A, P-5B' 
3 ) Treatment Tan.ks Cooler E-1 
4) Anhydrous Ammonia Tank T-12. 
5) Neutralization Solution Makeup Tank T-2 
6) Neutralize Eump P-3 
7) Fe Cl3 Makeup Tank T-3 
8) Fe Cl3 Solution Pump P-4 
9) Treated Water Transfer pumps P-2A, P-2B 

10) Vacuum Filter H-2 . . 
11 ) Filter Separi3.tor Pot 'f-4 
12) Vacuum Pump P;.;..7 
13) Filter Vacuum TankT-5 
14) Precoat Mix Tank T-6 
15) Precoat Pumps p-14 
16) Filter Pumps P~6 
17) Evaporator Feed Heater E-3 
18) Evaporator 8-1 
19) Evaporator Condenser E~2 
~O) Eva~orator Overhead Receiver T-7 
21) Process water Ttansfer pumps P-11A t P-11B 
22) Slurry Overflow Tank T~105 
23) Sludge Tank T-8 
24) Sludge Transfer Pump p .... 9 
25) Trickling Filter H-3 
26) Trickle Bed Pumps P"'-8A, P-8B 
27) Sand FilterH-1 

Summary - Increment I 

The equipment supplied for treatment of oxidized slurry 
appearstola:ck some. critical items, but could be modified 
successfully if operation of the WAO unit required water 
treatment. The most serious shortcomings are in the area 
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ofs,ludge removal and handling· both at the vacuum filter 
f and downstream of the w.ipedfilrn. evaporator.' The 

trickling filter/sand filter systemreqllires additional 
tankage, pumps, and piping for filter backwash. "The 

- trickling filter would not be able to support bacteria for 
biological treatment=if use of the£acility is as " 
intermittent as it appears to be. At least one 'additional 
surge tank would be required (ahead of pump P-6, ahd an 
·installed spare for pumpP-6wouldalso be essential for 
depe~dability. Several tank fill lines for initial 
solution makeup are also necessary. 

Description of Process 

Oxidized slurry is pump~d frOm the Reactor Building #1571 
to the Equipment Building #1573 wh~re the gas and liquid 
are separated. The liquid oxidized slurry is then pumped 
to ~he Water Treatment Building #1574 and placed in 
Treatment Tanks T-1A, B, and C. The waste is neutralized 
using a 5%-aqlleas ammonia solution which adjusts pH to 7. 
The waste is originally highly acidic with a pH of 1 or 2. 
Ferric chloride is also. added as a~flocculent. By 
neutralization and flocculation the majority of the lead 
precipitates out. While in the tanks the waste liquid is 
agitated" and can also be recirculated by drawing liquid 
from the tank sides and pumping back to the top, passing 
on the way through the Treatment Tank Cooler E~l for 
temperature reduction. - ' 

After sludge has settled to the bottom of the tanks it can 
be pumped to the Vacuum Filter H-2,where the majority of 
the lead can be removed as lead hydroxide. The filtrate 
evidently will contain approximately 1 percent ammonium 
ni trate ·and approximately 200 ppm lead sal ts which would 
remain in solution. 

After liquid separation in tha Filtrate Separator T-4, 
Filter Pump P-6 pumps the filtrate through Evaporator Feed 
Heater E-3. and to the Wipid Film Evaporator 8-1. The 
evaporated gases are condensed in Evaporator Condenser 
E-2, flow to Evaporatdr Overhead Receiver T~7tarid are 
pumped by Process water Transfer pumps P11Aand B to 
Slurry Overflow Tank T-105 located ,in Building # 1570. 
This completes the basic water treatment portion of the 
process. The evaporator bottoms are collected in Sludge 
Tank T-8, and pumped by Sludge Transfer Pump p-9 to Vacuum 
Filter H-2. Sludge separated from the vacuum filter is to 
be drummed for ultimate disposal. 

Additional units for water treatment are the Trickling 
Filter H-3 and the Sand Filter H-~. These units process a 
number of miscellaneous wastes including sanitary waste 

. from the control building, #1572 cooling tower blowdown 
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wate:r;:,andi",ater collected- in a floor· sump. As desig.rted 
for Increment I water from th.e filter would be discharged 
to th~ river~ Modifipatio~s forclncremeht II have already 
changed~ome of the above. 

Other ancillary equipment for Increment I water treatment 
includes a PrecoatMix'Tank T-6,. and Precoat Pump P-14 for 
mixing ~nd precoating the vacuum filter cloth. 

Component Evaluation - Increment 

1) Treatment TankST...,lA, '1'-18, and T-1C 

·Description. These tanks are of 8 -1-6 11 nominal 
diameter and l1 I hi'gh, with nominal capacity of 4660 
.gallong,of316 stainless steel construction. 

Eachtq:nkcontail1s a3 HP mixer. 'I'hetanks have 
d ishe.d bot,tomsand flat tops.· Nozz Ie connections on 
the top include a 1-1/2" vent, 2" oxidized slurry 
inlet, 1-1/2" treated water inlet for recir~ulated 
water. drawn from the tank side, 111 treated water inlet 
forrecix.culatea water from- the tank bottom, 1" 
ammonia solution inlet, and a 1/2" ferric chloride 
inlet. One 1-1/2" nozzle on the straight side serves 
as recirculated water, draw off. A 1-1/2~ nozzle at 
the bottom lowpoint connects to the treated water 
transfer pumps, and the bottom also contains a 211 
drain. The side also contains a 24" manway • 

. Instrumentation and controls include temperature 
indication, level indicationandrhigh level alarm~ pH 
measurement and control signal to an automatic valve 
to control ammonia solution flow rate. 

Evaluationa Oxidized slurry is pumped to these tanks 
at the nominal rate of 11 gpm. Thus the three tanks 
could hold approximately 21 hours worth of waste prior 
to beginning of treatment. 

It had been previously estimated that approximately 
2500 lb/day of single and double base propellant would 
reql,liredispos.al. At a nominal disposal rate of 500 
lb/hr only five hours of operation per d-ay would be 
required. Since process startup, shutdown, and cleanup 
would make only five hours of operation per day very 
inefficient, it has a·lwaysbeen planned' that waste 
would be accurtlUlated until the facility could.be 
operated 24 hours per day 5 days per week. 

Therefore, with a 21 hour surge capacity it would be 
necessary to operate the waste treatment facility on a 
continuous batch basis to make room for additional 
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waste. ,'AI thbugh no operat ingprdcedure!=3 have been 
proviaed,: it is" assumed .thatwaste woui'dbec61lected 
in the first tank, anawhehfull, treatment 'would be 
started and collectionbegun'inasec'6nd'tank.. Since 
treatment rate is ,the same as propellant disposal 
rate, and thus wastewatergenetatibrirate, 
theoretically, t.he process could be' continued 
inoefioi tely. Iftteatrrient. ofwaste'in··the first tank 
were completed while the second tank was being .f ill ed, 
except for time 10st,dt;tet;oreposltiOni'ngof:val ves, 
two tanks would alway be available for receipt; of . 
additional waste • Ifaproblerridev.e16pe'd which caused 
water treatment to stop, a surge capacity of 
approximately 9300 gal:lons6r nearly'l6operating 
nQUrS would exist .. ThemaxirilUm st'oredarid prepared 
slur·ryat any given ,time is 6000 gallons .. The WAO 
reactor :holds 300 gallons. The gas/liquid separator 
reactor .. holds3 00 g alIens." The gas/lTquidseparator 
holds (P'erhaps) 750 gallons. If the entire system of 
piping. holds an additional 500 gallons i tappears that 
adequate time and surge capacity exist to 'preclude any 
chance of dischargeiofuntreated ·wastewater. In 
actualitYi fluid iri piping to'Incternent r banks can be 
diverted to Increment II waste tanks. This option 
would also be available in an emergency situation. 
Therefore, tank sizing is adequate for anticipated 
operational. procedures. Tank· instrumentation appears 
to be minimal~: 

Potential Modification. Tank sizing, material, and 
piplng appear adequate for intended function. 
Currently nO'low tank level pump shutoff controls 
exist. This appears to be a worthwhil.e addi tion to 
tank liquid level control system.. When liquid level 
reached minimum level transfer pumps P-402 A and B 
would shut off automatically thereby preventing damage 
due to running dry. ' 

2) Circulation Pumps. P'-SA.,· P-5B 

Description~ Redundantpumps~areprovidedfor 
circulatingwastewat'er,drawing fr'omthe side of the 
t.ank near tbe bottom and returning to the top • 
Circulation rate is 20gpmwith TDH of 28 ft. Pumps 
are"Gould model.3196 siz,elx ;1" .1/2 x 6.Tha' primary 
purpose.ofthese p,umpsappearsto bec601ing of the 
oxidized slurry by circulation through cooler E-1. 
T.he pumps are constructed of 316 S.S. and are driven 
at 1750 RPM by a lHP motor. Pumps are controlled by 
manual start/stop only. 
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.Eval U(ition. Pumps. aresa,ti sfactoryfor intende9 use, 

Potential Modification. None recommended at this 
time • 

Treatment Tank Cobler E-l 

Description. The Treatment 'Tank Cooler is,8 shell in 
tube heat exchanger used for lowering the temperature 
of the oxidized slurry during the treatment process. 
The exchanger is rated at 60,000 Btu/hr ~ith 10,000 
lb/hr of slurry entering' at 126°F and leaving at 
120°F. Codling water enters at the tate of 3000 lb/hr 
and 85 of, and leaves at 105 ° F to return to the 
treatment tanks~ Beat exchanger tubes ~hich contain 
the oxidized slurry are 316 stainless steel. 

Evaluation. Since t4e system is not operational no 
measurement of performance has been made. However, 
heat balance and material balance calculations are 
consistent with unit specified. Instrumentation shown 
includes only slurry outlet temperature and cooling 
water outlet temperature measurements. Since slurry 
temperature in the treatmen't tank is measured, a 
temperature differential is measured which will verify 
heat exchanger performance. No temperature controls 
have been provided so it is assu~ed temperature ia not 
critical. 

Potential Modification. Without benef it of syst,ems 
testing evaluation of anyone component is difficult. 
If close control of temperattire of slurry is 
important, additional temperature controls may be 
desirable. 

4) Anydrous,Ammonia Tank T-12 

Description. This i~ an above ground tank 6 feet in 
diameter.by 16 feet lonq located outside the 
wastewater treatment building.. It is used to prepare 
a solution used for pH adjustment of the oxidized 
slurry. The tank, instrumentation, piping and 
controls appear to be standard featureS of a tank of 
thi~ type. The~ include level and pressure 
measurement, pressure relief,a.nd both pressure 
regulatidn and, flow indication between the storage 
tank and the solution makeup tank. . 

Evaluation. Since this unit is a com~onlyused item 
and has performed satisfactory many times previously 
there is not reason to suggest that it will not 
perform satisfactorily in this service. 
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) Potentia.:J,.Mod.ification •.. No mbdificatiRnswill be 
recommended. 

5)Neut~alfzation Solution Makeup ~ank T-2 

Description. Thi~ tank is used to mix anh~drous 
ammonia with water to prepare neutralization solution 
which is used for o;lCidized slurry pH adjustment. The 

. tankmeq.sures.4 fE;!et in diameter by 6 feet tangent to 
tangent. The tank. is a closed vessel rated at 20 psig 
@130° Fand. i.s constructed of 304 stainless steel. . 
The tank contains a cooling coil t~rough which cooling 
wat~r is circulated~ The .coil capacity is 262,000 
8th/hr •. ·.Thetank holds a neutralization<solution 
b~tch of 4367 lb~~Under Incpement I design treated 
water makeup. to the tarikwas~uppliedbyfiltratefrom 
the vacuum filter. 

Eva.J.uation. As there is nothing unusual about. 
preparation of this solution it would appear to be 

. satisfactory. ~,possible problem, hOwever,' involves 
the lack of an outsirle makeup water source for the 
tank. As designed for Increment I the only water 
source is treated water from vacuum water filtrate~ 
Since this water would only exist after treatment has 
begun, initial neutralization could not be .performed 
until a portiRn of the oxidized slurry had passed 
through the vacuum slurry controlled~. A study of the 
Increment II plans doas not indicate that this problem 
was corrected~, Valves at tank top are not very 
accessible. There is Some question as to why an 
hydrous ammonia was selec.ted as the neutralizing 
agent. It has bee.n sugge~tedthat it was once hoped 
that the resultant sludge could be used as fertilizer, 
which is unlikely since it will contain lead. The 
effectiveness of ammonia as the neutralizing agent is 
questionable. Since it is acomplexing agent it may 
inhibit removal .6;f lead from the wastewater. perhaps 
lime .would hav..e been a better choi ce ,but chanqe over 
would be expensive atthis.time. -

'Po.tential . Moqification • If a separate ,source of tank 
makeup water WCiS ·not providedbymodif·icat·ion (which 
isl:i.kely)it is recommended that one be provided. 
This will be,fielcl verifiedquring.the final field 
visit. 8i nceaqueous ammoni asolut ion is in place no 
change to lime is rec.ommended at this, time. Tests on 
wastewater would reveal if change to lime was 
warranted. 
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6 ) Neutralizer Pump P-3 

--_.--- ---_ .... " 

Description. This pump transfers ammonia solution 
from the neutralization tank tothetreatmeht tanks at 
the rate of 1 Ogpm.'I'he pump is a Gould model 3196 
size 1 x 1 1/2 x 8. The pump is constructed of 
stainless steel. The solution flow rate to the 
trea'tment tanks is controlled by AV-100 which receives 
its signal from tank solution pH measurement. AV-l00 
is an air operated control valve. A return line is 
provided to Tank T~2to return a portion of the 

,ammonia solution when AV-100 is partially closed. 

Ev?l ua.tion. Pump should perform sat.isfactorily for 
this application. Sinc.e three pH sensors exist (one 
for each tank) and only one flow control valve, 
depending on which tank is being neutralized input pH 
signal must be switched. Apparently this is a manual 
operation. 

Potential Modification. None at this time. 
r 

7) Fe C13 Makeup Tank T-3 

Description. This is a small (2 feet diameter by 2 
feet high) polyethylene tank with agitation for mixirig 
ferric chloride solution which is used for ' 
flocculation in the treatment tanks. The tank holds a 
22 pound batch. 

Evaluation. This piece of equipment is a common one 
and appears well suited for the applicatiori. The only 
sQurceQf water for for. tank filling is filtrate from 
the vacuum filter. Therefore~"a problem exists 
identical to that discussed previously with regard to 
the neutralization solution tank. The top of the tank 
is not very accessible for addition of ferric 
chloride. ' 

Potential Modifications. A second source of tank 
makeup water is desirable. 

8) Ferric Chloride Transfer Pump P-4 

Description. This transfer pump supplies ferric 
chloride solution to the treatment tanks from the 
ferric chloride solution tank. The pu~p is a positive 
displacement metering type rated at 0.1 gpm and 12 psi 
TDH. Pump construction includes an acrylic resin 
casing with Ha~telloy valves. A relief valve is 
provided to return fluid to pump suction iri the event 
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of a closed valv.ein the aischargepiping.· No 
instrumentation or other controls are provided except 
manqal start/stop. A 1/2" line ties .. in.tothe ferric 
chlqridedischarge line which is evidently for 
conneqtion of a hose for line flushing. . 

Evaluation.. For "this strictly manual operation pump 
should perform adequately. Ruhning time and total 
qUqntity of ferric chloride to be added to each 
treCitment tankwo.uld be determined baseCi on operating 
experience and sludge quality to determine optimum 
additIon rates for each type of wastewater. 

Potential Modification. No discharge pressure or 
flowrate instrumentation has been provided to give an 
indica·tion. of pump performance. This would be 
desir.able .. 

9) Treated Water Transfer Pumps P-2A, P-2B 

Description. These are redundant centrifugal pumps 
for transfer of treated wastewater (and/or settled 
sludge) to the yacuum filter. for solids separation •. 
Nominal pump capacity is 14 gprn at 62 ft. TDH. The 
pumps are of 316 stainless steel construction, Gould 
model 3196 size 1 x 11/2 x 8. A flow- control valve 
LV 105 ~egulates the rate of flow to the vacuum 
filter, using a liquid level signal from the vacuum 
filter/basin. A portion of the flow is recycled to a 
treatment tank if the flow control valve closes. 

Additional instrumentation/controls include manual 
start/stop for the. pumps and pump discharge pressure 
indica,tion (local only). 

Evaluation. The pumping and control schemes, while 
simplef appear adequate for the application. 
Currently all supernatent as well as sludge must pass 
through vacuum filter which is energy wasteful and 
would use much precoatsolutio~unnecissarily. 

Potential Modification. None anticipated at this 
time. 

10) Vacuum Filter H-2 

Description. The vacuum filter is a horizontal drum 
type used for separating solids precipitated during 
neutrali~ation and flocculation from the filtrate 
which is further treated. No manufacturer's name 
appears 'on the unit. The sludge is scraped from the 
drum exterior and is evidently supposed to be 
transferred td storage drums. 

VI'-'97 

n 
rl L 

o 
D 
[J 
[J 

U 

IJ 

IJ. I 
i 



o 
~ ... "J ..•. f,;' 

fJ .. ·. 'I 

l 

iJ··, J-". 

r1' 
1]1 L' 

'1 
_J 

Evaluation. Equipment for. sludge collection and 
loading into drum.s or other containers has not been 
provided. 

Potential Modifications. Complete, systems for sludge 
handling and removal after separation by drum filter. 

11) Filter Separator Pot T-4 
12) Vacuum Pump P-7 . 
13) Filter Vacuum Tank T-S 

Description. The above three items. will be des~ribed 
as a unit as they serve to Produce the vacuum and 
separate the filtrate from the gas stream. Filtrate 
is sucked from the filter to pot T~4, where due to 
velocity and ~irection change, water is separated from 
the ,air stream. vacuum from the top of T-4 passes 
through vacuum pumpp-7 and tank T-S. Additional 
moisture collects in T-S and drains by gravity to a 
floor trench. ,Tank T-S is vented to the atmosphere. A 
3" line from the bottom of T-4 feeds filtrate transfer 
pumps. The vacuum pump is a Bingham model 3G-M. The 
capacity is sao SCFM at 22 inches of Hg vacuum. It is 
driven by a 30 BD motor. Vacuum tank T-S is 10" 
diameter by 4' long. The system is virtually devoid of 
instrumentation. 

Evaluation. If capacity of vacuum and filtrate 
separation system is properly matched to the vacuum 

. filter B-2 it should perform the job of sludge , '.' 
separation and filtrate acc~mmulation satisfactorily. 
However, the system appears to be devoid of any 
instrumentation or controls. For examp!et the Filter 
Separator Pot T-4 has no liquid level measurement. 
The volume of T-4 is small, so very little surg~ 
capacity exists. If £low to the vacuum filter were 
interrupted for any reasop, and the Filter Pump P-6 
continues to run it could run dry. Feed to the wiped 
film evaporato'r would also cease which may have 
serious effects. 

Potential Modifications. Instrumentbtion which would 
shut off the wiped film evaporat6r feed pu~p upon low 
water ,level would be desirable. A surge tank to 
ensure a supply of water to the film evaporator may be 
required. This will be discussed further in 
subsequent paragraphs. 

14) Precoat Tank T-16 
15) Precoat Pump P-14 

Description. These two items makeup the system for 
precoating the vacuum filtration~unit drum surface 
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with diatomaceous earth prior to operationo£ the unit 
for separation of treated water solids. Tank T-6 has 
a capacity of 1500 gallons and is constructed of 31~ 
stainless steel. The precoat pump is a'Durco size 3 x 
11/2 x 6, single speed and is driven by a 3 HP motor. 
As with severaY other tanks, the only water fill line 
appears to be filtrate from the vacuum filter. If 
this is in fact the only ~ource the precoating could 
not take plac~ until after operation of the vacuum 
filter. Theprecoat solut.ion is pumped to the vacuum 
filter sump. Tank inatrumentation consists of a level 
controller. There is.~flow control valve in the 
delivery line to,the vacuum filter and an orifice 
plate in the line running from pump discharge to the 
main tank. 

Evaluation. Lack of a secondary water rnakeup.line to 
the precoat tank is a serious deficiency and should be 
corrected. The operation of the control system and 
the logic are unclear. Why and how is level 
controlled in the premix tank by a flbw control valve 
in the ~elivery line to the vacuum filter? A better 
question is why should tank level be controlled? Why 
not ju~t fill the tank and pump the contents to the 
vacuum filter? No access has been provi~ed ~or 
emptying diatomaceous earth precoat into mix tank. 
The mixer provided is too small. The shaft extends 
into the tank several feet bnly. 

16) Potential Modification. Access platfbrm, bag breaker, 
dust control needed foi'adding ingredients. A raw 
water makeup line should be provided~ 

Filter PumpP-6 

Description~ This pump is a single pump (without 
spare) whose principal use is to deliver filtrate from 
the vacuum filter to the wiped film evaporator. It is 
also used ~uring filte~ precoatihg to remove liquid 
pumped from the pre coat mix tank to the vacuum 
filter. . 

According to the drawings the pump has two ratings: 
(1) 226 gpm at5. 8ps! bp during pre coat and (2) 11 
gpm .at 2.0.4 psi duririg normal operation.' The pump' 
actually appears to be a single speed Durco unit. 
Capacity is not shown on the nameplate~.AThe pump is' 
constructed of stainless steel. The only . 
instrumentation consists of a pressure indicator on 
the pump discharge. The pump takes suction from 
Filtrate Separator Tank ~-4. Flowrate is·throttled to 
maintain a preset flow by FV 104. 
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Eyall,lc'3.tion. Tank'r-4has very Tittle capa¢i ty and is 
esseotially justa wide spot in the line. '. No controls 
are evident. whioh wouldmatoh liquid level' in tank T-4 
and pump p"-6· pumping rate. Thus, it appears very 
likely that many problems could be envisioned which 
could cause pump P..;,,6 to runOry. Why pump P-6,which 
iEi one of the most critical of all regarding overall 
system operation, does not have a backup is not 
understood. 

Potential Modification. A surge tank for pump P-6 to 
draw from would be beneficial and helpproteot the 
pump and systems downstream of the pump such as the 
evaporato.r. Because of importance of this pump an 
installed spare is recommended. 

17) Evaporator Feed Heater E-3 

Description~ This unit is a shell and tube heat 
exchanger usedfcr heating the filtrate prior to entry 
to the film evapora.tor. The unit has a heating 
capacity of 700, 0008tu/hr •. The unit contains 316 
stainless steel tubes through which the filtrate 
passes. The uni~ is designed to heat filtrate at the 
rate of 5163lb/hr to 240 0 p at 2 psig using 100 psi~ 
steam entering the exchanger at 340°F. Fluid 
temperature is controlled bythro-ttling steam, sensing 
fluid temperature and modulating TV 107. 

Evalua.tion. The feed heater is a common device with 
simple· controls so no unusual operating problems are 
expected~ However the heat exchanger leaving 
conditions indicated 'On the drawings (240°F, 2 psig) 
indicates that the filtrate would evaporat.ein the 
heat exchanger and in the piping betweeh the heat 
exchanger andtheevapora tor. -. Thus j the solids would 
plate out within the heat exchanger and piping. 

There is a questibn regarding this data from the 
Increment I drawing. A heat exchanger with a capacity 
of 0.7-MM Btu/hr can raise the temperature of 5163 
lb/hr of water by 135°F. Therefore the minimum 
entering water temperature to produce 240°F leaving 

. would be 105°P. Temperature leaving the treatment 
tanks is indicated as 120°F so 105°F may be a 
reasonable temperature for entering the feed heater. 
At ~ psig, or 16.7 psi a the saturation temperature is 
approximately 218°F so 240°F would definitely be a 
problem. 

Specifications and drawings ,for Increment II indicate 
an entering temperature of 221°p which is more 
reasonable, so perhaps 240°F is incorrect. 
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; Proposed ,l\10dif.icat ions ~ Filtrate temperature within 
the feed heater should be·lowered to preVent 
eV'aporation prior to enterihgthe wiped film 
ev;aporator. Replace orres.etuni t temperature control 
sys·tern. 

f ilmevaporator. Replace or reset unit .... temp~rature 
~ontrolsystem.; 

18) Wiped Film Evaporator S-1 

Description •.. The evaporator" is designed to evaporate 
. and concentrate the. filtrate; feed solution to produce 
,anoverh,ead vapor.containimg 1essthanO~ 1 percent 
entrained liquid' and.a concentrat.edbottomsludge 
containing no more than 5.0 percent water. The unit 
'installed was manufactured by Turba-Film. The unit 
contains. a rotor driven by aoverheadmotorth~ough a 
center column~ Steam is supplied to the unit at a 
ra.te to maintain vapor leaving temperature •. Steam 

. flow is modulated ,by throttling valv.eTV lOB. As '., 
,mentioned in the previoussectioh, a question exists 

regarding the qesired operating temperature of the 
unit. Sludge is removed frOm the evaporator bottom 
and drains by gravity to sludge holding tank T-8. 

Evaluation. The unit is more or less standard and the 
technology is we·l1established. Therefore, except for 
normal startup problems it should perform adequately. 
The unit has .nomeans of access to the top .for 
maintenance. The unit is capable 6f surviVing a 
temporary interruption in feed stream according to the 
specifications. One potential problem, however, 
appears to be transfer of bottom sludge to holding 
tankT-8. The sludge (by specificat-ion) must contain 
no greater than 50 percent water. Therefore, solids 
must be 50 percent or greater. Since a sludge of 30 
percent solids is considered dry, it is very doubtful 
that a 50 . percent solids sludge can be transferred by 
gravi ty through a 1/' line to the collection tank •. 
NOTE: . 'Further .. field checking revealed that this line, 
~ad ,beenci1anged to A" by mod ification .• 

Potential Modification. Coordinate specified 240°F 
operating temperatures with manu.fact\1rer tos~e if' 
this is excessive. .Provide access ladder for 
maintenance ., 
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19) 
20) 
21 ) 
22) 

Evaporator Condenser E-2 
Evaporator Overhead ReceiverT~7, 
Process water Transfer Pumps P-11A, P-11B 
Slur~y Qverflow Tank T-1B5 

Description. These uhits will be discusSed together 
as they represent final condensing and transfer of 
treated water for reuse. 

The evaporator condenser is a shell in ,tube heat 
exchanger.of 530,000 Btu/hr capacity. Both shell and 
tube,s are constructed of 316 stainless steel. Cooling' 
water flows on the shell side. No controls are 
i nd icated, although a temperature ind {dator is used on 
the cooling wate.r discharge and a pressure safety· 
valve is provided in the coolihg water discharge line. 
Design circulation r~tes for cooling water are 360 gpm 
enter ing at 85 ° F and 1 eav ing at 115 of. vapor en ters 
at 240°F and leaves at 120 0 P. 

Receiver T-7 is an 8,0 gallon tank constructed of 304 
stainless steel. The tank contains a pressure control 
valve which limits tank pressure by venting to a 
building vent header. Level controls within the tank 
operate LV 11.0.in the discharge piping from transfer 
pumps P-llAand B to modulate flOW, keeping tank T-7 
full and preventing pump cavitation. Pumps P-l1A and 
B are redundant process water transfer pumps which 
transfer fully treated wastewater to tank T 105 in 
building #1570 for slurry makeup. The pumps ara Gould 
model 3196 size 1 x 1 x 8. These pumps are rated at 
11 gpm at 9.6 psi. Tank T 105 is a stainless steel 
tank of nominal 2000 gallon capacity. 

Evaluation. This subsystem~ for condensing and 
transferring water for recycle, is straightforward and 
hasadequat,e controls within the wastewater treatment 
building. It is not clear from the dra~ings how pumps 
P-l1A and Bare -controlled. Tank T-l 05 which they 
serve has leveltransmissi6n instrumentation. 
However, it does not appear to prevent P-l1A and B 
from running iithe tank is full. Since the capacity 
of T-l05· is only 2000 gallons, and considerably more 
water than this could be produced in one treatment 
cycle, tankT-105 wou.ld overflow if additional 
slurrying is not being done at that particular time. 

Potential Modification. Add additiohal tankage 
accept water from P-l1A and B if T-l05 is full. 
need will be verified during final field visit. 
furth~r discussion, Increment II) 
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24) 

Sludge Tank T-8 
Sludge Transfer pumpp-9 

Description. This tank and transfer pUIlIpconstitute 
the finalcollect~on and transfer system for wet 
solids gathered from the wet filIllevapq;rator. Tank 
T~8 is a vertical tank with conical bottom, 2' 
diameter by 2' straight side, constructed of 316 
stainlesS steel. The tank is agitated with a 1/4 HP 
350.RPM stainless steel agitator. A cooling coil 

. within the 'tank utilizes cooling\<Jater t6reduce 
sludge tempera,ture • Pump P-9 is' aposit'ive 
displacement pump of 5gpm.capacitywhich' transfers 
sludge;to an unspecified slildgereceive:r near vacuum 
filterH-2. pumpP-9 is started and stopped by level 
control s in Tank T- 8 ~ 

Evaluation. Although simple in concept a question 
remains whether sludg.eof 50 percent sOlids can be 
agitated by a 1/4 HP agitator, and whether the 1" 
diameter pump, suction line feeding p-~is large enough 
to prevent plugging. The 1" pump discharge line is 
also extremely small. If P-9 isa positive 
displacement pump, very high pressures could b~ 
developed. in this discharge line. Pressure indication 
is shown, but pressure relief provisi~ns are unclear. 

Potential M6dification. Sludge transfer system from 
film-evaporator through remaining components to final 
collection needs redesign and modification to provide 
workable system. 

25) Trickling ~ilter H-3 
26) Trickle Bed Pumps P-8A, P-8B 
27) Sand Filter B-1 

Description. The trickling filter is used for pr~mary 
treatment of sanitary.waste from the Control Building 
plumbing system, cooling tower blowdownwater, and 
water from sumps in th.e wastewater·. treat:mentbuildi ng 
floor. The filter is designed to process 120 gallons 
per~ayof sanitary sewage with too' mg/liter solids 
and a BOD of 0.35 1 bs per Clay. Recycle rate is one to 

_one, loading is O.4gpm per ft2~ The unit utilizes 
300 .cubicfeetof polyprolene packing • The' 
distribution piping is 304 stain·lesssteelo The unit 
will also process 5 gpmof industrial waste according 
to specification. 

pumps P-8A and P-8B transfer water from the trickling 
filter to a 4" diameter by 5' high holding tank 
between the trickling filter and Sand Filter H-1 or 
recycle water back to the trickling filter. This 
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holding tank appears to drain by gravity to' a concrete 
sump. A sump pump (Weil 11/2"). apparently feeds tHe 
sand filter. Currently the pipin~ has been partially 
disassembled, ·and the pumps removed. so it is difficult 
to determine the exact process flow as significant 
deviations were madefromthe"drawings. Flowtb the 
sand filter is apparently modulated by LV 112 which in 
conjunction wi th LCH 2 maintaihs water level in the 
trickling filter. The ·transfer pumps are rated at 22 
gpm at 14.8 psi. 

The Sand Filter H-1 is a multimedia type, with a 
capacity of 10 gpm •.. The media includes atop layer of 
anthracite, a second layer of sand, and a bottom layer 
of garnet. 

As desigried for Increment I, discharge from the sand 
filter goes to the river. . 

Evaluation •. This treatment/filtration system appears 
to. have some se.rious shortcomings. No provisions have 
be.en made for filter backwashing. No discharge 
quality is specified :for the water leaving the sand 
filter. Increment I drawings show discharge to the 
river. On Increment II lagoons were adde'd to contain 
the wastewater. No chemical addition or chlorinat;i.on 
is shown on Increment I. This is an item for field 
verification. Due to the extremely low and 
intermittent loading for the trickling filter, it is 
questionable if sufficient bacterial growth can be 
sustained for effective biological. treatment. 

proposed Modification 

Provide tankage for storage of clean filtered water 
which can be used for backwashing of sand filter and 
appropriate pumps and piping. Provide tank for use as 
a collector for backwash water. Backwash water would 
have to be disposed of. Settled solids could be sent 
to vacuum filter for disposal. Water after 
clarification and settling could be returned through 
trickling filter. Since bacteria could not be 
maintained in trickling filter, sanitary waste should 
be pumped to NOS central sewage col.lection system. 

This completes evaluation of equipment supplied under 
Increment I. 

System Components Phase (or Increment) II 

1) Treatment Tanks T.;..401A, T-401B, T-401C 
2) Circulatiorr Pumps P-405A, P-405B 
3) Treatment Circulation Filters H401A, H401B 
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4 ) 
5 ) 
6) 
7 ) 
8 ) 
9) 

1 a) 
11 ) 
12) 
1 3 ) 
14) 
15) 
16) 
17) 
1 8 ) 

,Treatment Tank CoolerE-4o.1 
Soda Ash Tank T-413 
Soda Ash Pump P-413 
Treated water Transfer pumps P-4o.2A, P-402B 
Evaporator FeeqHeater E>-403 
Wiped Film EVi3pOrator· S .... 401 
Evaporator: Condenser E-4o.2,' 
Evaporator Overhead Receiver T-407 
Process Water Transfer PumpsP-4,11A, P-411 B 
Distilled-Water Storage T-41o. 
Distilled Water Transfer Pump P-412A, P-412B 
Sluc;lge TankT-4o.8 
Sludge Transfer Pump·P-4o.9 
Lagoon 
Lagoon Pumps P-451A, P-451B 

Summary - Jncremertt II 

Many of th~ problems identifi~d during the evaluation of 
the Increment I systems were avoided during th& Increment 
II design. Although the precise operating methods for· 
treating the scrubber water are unclear, the chemistry is 
straightforward. 

The entire plant is largely manually' operated, which is 
desirable because ~he maximum versatility in operating 
methods can be .utilized. As with any wastewater treatment 
plant exact operational methods will have to be developed 
from experience. The system provided should be functional 
with a minimum of additional modifications. 

Description of Process 

The primary waste generated during Increment II which must 
be treated is spent recitculated scrUbber water from the 
Fluidi2ed Bed Inciherator Gas Scrubber. Sodium carbonate 
solution is used in the scrubber to react with hydrogen 
chloride and suI fer dioxide gas to remove them from the 
exhaust stream. As the scrubber solution becomes depieted 
(reaches a concentration of 7% sodium chloride) it is 
ready for treatment. 

The presumed operatingrnodeis. to prepare scrubber 
solution-in one or two of tanksT-4o.1A, Band C. Sodium 
carbonate (soda ash) ismix~d in Tank T-413 and transfered 
to the Treatment Tanks T-4~lA, B or C.by~ump P-413. As 
scrubber solution is circulated through the gas scrubber 
and becomes contaminated it can be collected in the empti 
tank and treated. t'\Thile being contained in Treatment Tanks 
T-4o.1A, B, or C scrubber solution is circulated using 
Pumps p-4o.5A or B through Filters H-4o. A or B and Cooler 
E-4o.1 and may be returned to the 'Treatment Tanks or, if 
FBI is operating,. pumped to the s.crubber in Building 
1651. 
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Treatment consists of transferring solution using pumps 
P-402 A or B .to the vacuum fil ter unit H-2 previously 
discussE}d as part of Increment T •. The' vacuum filter (and 
accessoriesJ i~ virtual~y the onl~ unit not dedicated to 
either Increment I Or Increment II waste treatment, but 
instead is used for both wastes. Perhaps /this is because 
siuoges generated by this. process are expected to be 
minimal. Here sludge (if any) is drummed and filtrate is 
pumpeo frqm I:I-2 .through Evaporator Feed Heater E-403 to 
Wiped Film Evaporator S~401 using Increment. I-pumpP-6. 
Vapqr from S-401 ~s condensed iriEvaporator Condenser 
E~402, 6011ected in Evapor~tor Overhead Receiver T-407, 
and pumped to Distilled W~ter Storage Tank T"'"41 0 using 
Process Water Transfer Pumps P~411 A or B. From Tank 
T-410 water may be trans~~rred u~ing Pump 412 A or B to 
Increment I or Increment II Slurry Building. 

It further appears that during the design of the Increment 
II process, many cross connections between the Increment I 
and Increment II processes were added so that great 
redundancy and duplication of treatment capacity exists. 

A lagoon was also .added. Piping is provided to transfer 
water from building sumps to the lagoon or from the sand 
filter 8-1. LagoOn pumps 451 A orB enable transfer from 
the lagoon to either Increment I or Increment II treatment 
tanks. 

Component Evaluation -: Increment II 

1. Treatment Tank T~4a1A, T-401B, T-401C 

DeSc:t;'iption..These tanks are dished bottom vertical 
tankS qf nominal 3800· gallon ·capacity each-. Tanks and 
tank covers are made of fiberglass reinforced plastic. 
The tanks. are 8' diameter and 13'--3" deep. The tanks 
~reused to collect. treat, and recycle scrubber 
solution used in the exhaust gaS scrubber for the 
Fluidized Bed Incinerator (tBI). Piping entering the 
tank top consists of a 3" scrtibber discharge water, a 
1-1/2" recirculation line originating on the tank side 
through pumps P-405 A and H, a 1" recirculati6n line 
from the tank bottom through pumps P-402,A and B, a 1" 
line carrying soda ash solutions, and 112" line 
carrying ferric chloride from a system provided in the 
Increment I desigri~ Tank instrumentation includes 
local temperature indication, level sensing and high 
level alarm, ~nd pH sensing and transmitting to AV 
401. 

Evaluation. The precise operating method for the 
scrubber water treatment system is unclear from the 
contract plans and specifications. There is no well 
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water o'r river water supply to the treatment tanks. 
The only waj to prepare the Scrubber solution. 
initially appears. to be to mix 100 gal16n batches of 
soda' ash/water solutions and transfer the solution to 
the treatment tanks. Once a treatment tank is filled, 
the solution could bepl.lmped to the scrubber and 
r~tl.lrnedtothetank after pas~irig through the 
scrubber. The scrubber water is to be used until 
concentration of sodium chloride r~ach~~ 7%~ 
Presumably this would be determined' by relating 
concentration topB of the· spent liquid ~ Atahy rate 
that is the only parameter measured other than 
temperature and pressure.· Oneef· the 'documents 
supplied to us for :study was a lett.erdated3 January 
1980 which suggested certain'design modificat.fons for 
the soda ash system including removal of the pH 
control valve AV'401. The valve was retained to 
controladjustment'of pH. 

This system will be further investigated during the 
next field vi~it. 

Potential Modification. None~ pending further study. 

2) Circulation Pumps P-405A, P~405B 

Description. These pumps are used to sup~ly 
recirculated_scrubber solution to the gas scrubber. 
The pumps are Sethco size 1 1/2 x 2 x 6, rated at 102 
gpm at 46.9 psi TDB. The pumps are driven at 3600 rpm 
by a 15 HP motor. Valving is provided so that solution 
can also be returned to the treatment tanks. Tank 
instrumentation-consistsot a lobal preasure indicator 

'on each pump. discharge. The pumps are operated from a 
local push buttoh statioh~ pUmp casings are 
constructed of CPVC~or polypropylene~ The impeller is 
CPVC.Pump sh~fts are 316 stainlesssteel~Pumps 
have mechanical seals. 

Evaluation~ Pump appears to have proper capacity for 
gas scrubber feed. 

Potential Modification •. None cl-nticipated at this 
tim~. 

3) Treatment Circulation Filters H-401A, B-401B 

Description. Each filter is rated at 100 gpm with 
maximum pressure loss of 50 psi. They are of the 
removab~e basket strainer type consisting of a fl?or, 
mounted cylindrical housing ~ith strainer removable 
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through a hinged top. Filters are Ronningen Petter 
modelE2. The filters are for paraliel operation with 
either capable of handling the· entire design flow •. · 
The purpose of the filters i~ to' remove solids from 
the recirculated scrubber water larger than 0.15" in 
diameter. The expected solids'concentration is 0.10 
percent by weight. 

Evaluation. The materials of construction of ~he 
filter housing and basket are not specified, except 
that they must be suitable for service in solutions of 
sodium carbonate, ferric chloride~ dilute hydrochloric 
acid and sodium chloride. - If this is the case, ,the 
filter should perform satisfactorily providing the 
estimate of solids concentrated (O.ln percent) is 
accurate. 

Pressuie is measured at both filter inlet and outlet 
so the proper time for filter change over and basket 
cleaning should be easily determined. 

Potential Modification. None anticipated. 

4) Treatment Tank Cooler E-401 

Description. This unit is a shell and tube heat 
exchanger for cooling recirculated scrubber water 
(evidently only when being recirculated back to the 
treatment tank prior to treatment. The capacity 
indicated on the drawings is 60,000 Btu/hr. It is not 
specified further, but is shown as future equipment. 
The cooler does not currently exist. 

Evaluation. If the cooler were to be supplied as 
specified it would be virtually useless. The 102 gpm 
pumping rate through the cooler woudl produce 
approximately a 1.1°F temperature drop which seems 
unlikely to be the objective. 

Potential Modifications. None recommended pending 
further investigation. 

5) Soda Ash Tank T-413 
6) Soda Ash Pump P-413 

Description. As designed, the tank and pump make ~p 
the system for preparation and transfer of sodium 
carbonate solution to the treatment tanks for scrubber 
water preparation and treatment. The tank is a 100 
gallon FRP tank. The pump is a 10 gpm FRP pump rated 
at 22 psi TDH with 1 HP 1800 RPM motor. The tank 
contains level control instrumentation and a level 
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transmitter which operates valve LV' 402 to keep the 
tank full. The t~nkcan be fi.lled using well water or 
water from~treatment tanks 410A~Bandtvia p-405 A 
and a: Sodium carbonate is'evidently to be added by 
hand from bags unless the intent was to use 

, concentrate liquids. The tank'contains no dust 
cohtrol or vent~ 

Evaluation. No design calculations were provided to. 
indlcate o how many batches ,of soda ash solution are 
requiredfortriatment durin~ on~ bP~iating. cycle. 
Originally. rate' of addition to the treatment tanks was 
controlled by AV 401 which was operated by a signal 
from the tank pH instrumentation." Correspondence 
'supplied to us indicated that ,this operational', 
requirement ha,sbeenabandoned and certain 
modifications m~de to this system., Nevertheless, the 
tank and pump seemt&be suitable formixng. soda ash 
with water and transferring it to,the trec;ttment tanks 
regardless ofe*act'operatingmethods. As currently 
constructed, , the tank and pump as welL' as associated 
piping,do not exist. ' 

Potential Modifications. A tank with dust control and 
pump would have to be provided to operate the plant. 

7) Treated Water Transfer Pumps P-402A, P-402B 

Description~ These pumps are used to transfer water 
from,Treatment TanksT-401 A~ B, and C to the vacuum 
filtration unit H-2 after n~utralizatio~ and· settling. 
The pump casings are of CPVC or high strength ' 
polypropylene. The impellers are of CPVC (semi-open 
type). 'Pump shafts are stainless steel wi th CPVC 
shaft sleeves. The pumps have single mechanical seals 
with flush;ingconnections. The design pumping rate is 
14gpm at .25.8psig~ The pumps ar~ Flat~tm6del 
C7P834000SV~ Motor is 1 1/2 HP at 3(60 RPM. ~he 
pumps are manually operated. The only instrumentation 
is pump discharge pressure. 

Evaluation. Although the procedure requires the 
attention of an operator to start the pumps and stop 
them before the tanks run dry, the system appears to 
be adequate for the function intended. 

Potential Modification. As with Increment I tanks, 
low level pump shut off controls would be desirable, 
but not mandatory. 
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8) Evaporator Feed Heater.E-403 

Description~ The.evaporator feed heater has a 
capacity of 700,000 Btu/hr and is ~esignedto heat 
5346 pounds of water leaving the vacuum filter 
(filttate) from 120°F to 221°F. 8te~m supplied at 150 
psig but reduced to 75 psig and 320°F is the heating 
medium. The water contains up to 7 percent NaCl and 
traces of HCl. The unit is of shell and tube 
construction with carbon steel shell and all wetted 
parts of impervious graphite. The unit is constructed 
to ASME standards. ~emperature is controlled by 
modulating TV 404~ 

Evaluation. The heat exchanger has adequate capacity 
to heat the filtrate to the indicated temperature. 
The temperature of 221°p is below· the saturation 
pressure at feed pump discharge pressure so (unlike 
the Increment L heat exchanger) boiling will not occur 
within the heat exchanger. Temperature control is 
simple and proven. The carbon and graphic 
construction should protect the unit from 
deterioration from chlorides. The eVaporator feed 
heater should function adequately. 

Proposed Modificqtions. None anticipated. 

9) Wiped Film Evaporator 8-401 

Description. The evaporator (manufactured by Turba 
Film) is designed to concentrate impurities in the 
filtrate feed stream to enable recondensation of
evaporated water for reuse and concentration of 
impurities in a bottom sludge for disposal. The 
Increment II evaporator was designed for two separate 
waste streams~ (1) a93 percent water, 7 percent 
sodium chloride solution, and (2) a solution 
approximately 98 percent water, 2 percent ammonium 
nitrate, and trace amounts of ammonium acetate, 
aluminum hydroxide, lead hydroxide and ash. Operating 
pressure for the unit is 2 psig. Evaporation heat is 
supplied by saturated stearn at 75 psig.The unit 
operating temperature is 221°F. The result~ng bottom 
sludge is a maximum of 50 percent water. The bottom 
sludge is ~rained by gravity to tank T-408 through a 
2~ diameter line. 

Evaluation. The design of the Increment II evaporator 
appears to have several improvements over the 
Increment I unit. The operating temperature is lower 
for the feed stream, thereby redUcing the possibility 
of flashing to stearn prior to evaporator entry. Also, 
the sludge drawoff line has been increased in 
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diameter, therebyimprovin.g the possibility of being 
able to accomplish gravity removal. Theuni t has no 
access ladder, to enable maintenanc;:ea,t ot'/near the 
.top. ,To summari ze ,.the unit seemS to be properly 
suit~a to the task~ 

,Potential Modifications. Add access ladder-or 
platforms • 

. 10) Evaporator CondenserE- 40 2 

Description. This unit is a shell and tube heat 
exchanger designedto.condense vapor leaving the 
evaporator atth~ rate of 4654 lb/hr~ The condensate 
leaves the condenser at 120°F. 

C061ingwaterat 340 gpm (85°F in, 115°F out) is the 
cooling medium. The rated capacity of theuni t is 5 
million Btu/hr. The heat exchanger is an ASME vessel, 
8" inlet, 2" outlet on shell (vapor) side and 4" 
inlet, 4" outlet on cooling water side.·-

The shell is of 316 stainless steel as are all parts 
wetted by the process (which contains traces of HCI). 

Evaluation. The unit is of conventional desiqn wi th a 
minimum of controls. ~he design capacity of fheunit 
is sufficient to condense the stated waterlnass flow. 
It appears ad~quate for its intended function. 

Potential Modification. NOne anticipated. 

11) Evaporator Overhead Receiver 

Description. As the name implieS, this unit serves to 
receive and hold the condensed treated 'water from the 
evaporator condenser~ The tank is constructed of 316 
stainless steel. It is horizontal with dished heads 
of 509a1lon nominal ~apacity. 

Evaluation. The tank is suitable for intended 
function. 

Potential Modifications. None anticipated. 

12) Process Water TransferPumpsP-411A., P-4118 
13) Distilled Water Storage Tank T-410 
14) Distilled Water Transfer· pump P.,...412A, P-412B 

Description. These units .cover transfer arid storage 
of reclaimed water for reuse. 
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Pumps P-411:A ano Bare cent,rifugal pumps of nominal 
capacity 11 gpm and 20.4 psig discharge pressure 
manufactured by DurcO,mOdel D4size 1 1/2 x 8 x 1~ 
The pumps are driven by 1 HP motors at 1750 RPM. Pump 
casings are of 316 stainless steel. Impellers are 
closed, single suction type of 316 stainle~ssteel. 
Pumps hav'e single mechanical seals with flushing 
connection. These pumps take suction from the 
overhead condensatereceiver.T-407 and deliver water 
to storage tank~~410, Pumping rate to tank T-410 is 
controlled by LV-.403. The LV-403 signal comes from 
level instrumentafion in tank T-407. water can also 
be directed to the trickling filter if desired. 

Tank T-410 is a 4000 gallon fiberglass reinforced 
plastic tank. Instrumentation includes ,level sensing, 
indication and high level alarm. 

Pumps P-412 A and B also Durco 1 x 1 1/2 x 8) pump 
from tank T-410 at the rate of 20 gpm and 22.5 psig. 
Pump discharge piping connects to existing Increment I 
piping to s.lurry tankage. An orifice plate FO-404 in 
a linewhi~h returns water to tankT-410 from P-412 
discharge limits flow to 10 gpm and prevents pump from 
running dry. Pumps P-412 A and B are of identical 
construction toP-411 A and B t except the former are 
driven by 2HP motors. 

Evaluation. Pumps and tank materials and capacities 
are adequate. Inst~umentation and controls have been 
provided to adequately regulate pumping rates to 
prevent pumps from running dry. 

Potential Modifications. None anticipated at this 
time. 

15) Sludge Tank T-408 
16) Sludge Transfer Pump P~409 

Description. This tank collects sludge from the 
evaporator for ultimate disposal. The tank is 
constructed of Ha.stelloy C-27.6 a'nd has' a nominal 
capacity of 40 gallons. The tank contains a cooling 
coil of 15,000 Btu/hr cooling capacity using cooling 
water as the medium. The cooling coil is also of 
HastelloyC-276. Tank instrumentation consists of 
level transmitter which modulates LV-A05 in the 
discharge 6f pump P-409 to maintain an acceptable 
sludge level in T-408 by returning a portion of the 

'flow. Pump P-409 is a centrifugal pump for 
transferring a 50 percent solution of sodium chloride 
(sludge) to a sludge receiver near vacuum filter B-2. 
The pump casing material is Hastelloy C as is the 
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, impeller. 'l'he pump is startE;!dand stopped manually. 
Pump capacity is 15 gpm at 12.E psi TD~. The pump is 
a Dur60 model 1 1/2 x 1 x 6 driven at. 1760 rp~ by a 1 
HPmotor. 

Evaluation~ The tank and pump appear to be adequately 
sized and const~uctedto perform the intended 
function. Controls are basically manual and require a 
operator, as does most ·of the wastewater plant. The 
ability of a centrifugal pump to transfer Sludge which 
is 50 percent solids is somewhat doubtful. 

Potential Modification. Replacecentrif,ugal pump with 
positive displacement type if sludge really contains 
50 percent solid~. . . . 

17) Lagoon 
18) Lagoon PUmps P-451A, P-451B 

Description. The lagoon was constructed during 
Increment IT to provide areceptical for wastewater 
from various sources inlieu;ofdumpingwater into the 
river. Source of water for lagoon include cooling 
tower blowdown,. water which has been treated by the 
trickling filter and sand filter~ provisions had been 
made on the plans to transfer lagoon water to the 
river, but this line was evidently deleted. Two 
separate lines have been run to the lagoon, one for 
sanitary waste and one for· industrial waste with 
provisions for sampling each. 

PumpsP-451 A andB are rated at 50 gprnand 45 psi and 
are provided for returning lagoon water to the water 
treatment tanks. They ~reDUrco pumps of the self 
priming variety, driven at 1760 rpm by a 15 HP motor. 

Evaluation. The lagoon sys.temprovides surge capacity 
and a safety factor in the event that wastewater 
cannot be treated immediately, or in the event of a 
failur~ Orproce~s upset. Since wate~ stored in the 
lagOOn over a period. a time could become biologically 
activer ~ome impact on treatment equipment due to 
biological material could result. 

Potential Modification. None anticipated. Ho",ever, 
operating and maintenance procedures should be 
developed to prevent clogging or other adverse results 
from transfer of biological material from lagoons to 
treatment plant. . 
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Economic Summary -Wastewater Treatment. System 
Modifications 

1) . Modified Syst;em (essential) Increment I 

a. Construction Cost $ 83,900 

b. Design Cost at 6% 5,034 

c. SIOH at 5% 4,195 

d. Additional Costs - Studies, Field 
V~rification, etc. at 10% 8,390 

Total Cost $101,519 

Modified System (essential) Increment II 

a. Construction Cost $ 20,200 

b. Design Cost at 6% 1,200 

c. SIOH at 5% 1,010 

d. Additional Costs - Studies, Field 
Verification, etc. at 10% 2,020 

Total Cost $ 24,430 

2) Recommended System (desirable) Increment I 

a. Construction Cost $ 96,500 

b. Design Cost at 6% 5,790 

c. SIOH at 5% 4,825 

d. Additional Costs - Studies, Field 
Verification, etc. at 10% 9,650 

Total Cost $116,765 

4) Recommended System (desirable) Increment II 

a. Construction Cost 

b. Design Cost at 6% 

c. SIOH at 5% 

d. Additional Costs -' Studies" Field 
Verification, etc. at 10% 

$ 39,100 

2,346 

1 ,955 

3,910 

Total Cost $ 47,311 
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VII • ANALYSIS FOR ENERGY RECOVERY FROM FACILITY 

Purpose 

In this study we examine several modifications to the 
Propellant Disposal Facility for their energy conservation 
potential. The modifications studied are modifications to 
major process equipment in order to recover energy that would 
otherwise be wasted. 

Introduction 

The processes of the Propellant Disposal Facility were studied 
and examined for areas where energy was being wasted. Where it 
was found that energy was being wasted, alternatives for energy 
recovery were studied. This report contains the results of 
those studies. 

The water treatment process involves evaporation of large 
quantities of water and is a large energy consumer. In this 
section, means for recovering thls energy are addressed. In 
Section VIII, alternate treatment methods which would be less 
energy intensive are discussed briefly. 

Summary and Conclusions 

Our analysis shows that it would be worthwhile to add the 
following energy recovery equipment: 

1. Preheater for fluidized bed incinerator to recover 
heat from hot exhaust gases. 

2. An air preheater for boiler B-700-l with B-1 used as a 
I spare. 

These projects are worthwhile only if the system is used for at 
least five years with the frequency assumed in this report. 

General 

ThQ Propellant Disposal Facility (PDF) was constructed in two 
Increments. Increment I as it concerns this report features a 
Wet Air Oxidation system, a water treatment system and boiler. 
The second Increment features a Fluidized Bed Incinerator 
(FBI), water treatment system and boiler. Both Increments, 
although different in operating principle, perform basically 
the same function, thermal destruction of propellant and 
treatment of resulting wastes. A basic difference in the 
functions of the two increments is the types of propellant they 
will treat. Both increments will oxidize single and double 
based propellants, the second increment will also oxidize 
composite based propellants. 
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There are three basic types of propellant oxidized at the PDF, 
single-based, double-based, and composite. For energy recovery 
analysis, the only properties of concern are the heat of 
combusion and the products of combustion. For the purpose of 
this study, the heat of combustion was assumed to be an average 
of 4450 BTU/LBM of propellant. The source of this 
approximation is given in the Appendix calculations. 

The process flow rates and temperatures for Increments I and II 
are as given in Figures E-l and E-2 respectively. In both 
increments the propellant is slurried (not shown) before 
entering the actual process. Figures E-3 and E-4 show the 
waste water treatment system for Increments I and II 
respectively. 

All energy to operate the process except electricity used for 
lighting and for motor driven equipment, etc., comes from No. 
2 fuel oil burned on the site. This energy is used either 
indirectly as steam from one of the boilers or directly such as 
to fire the fluidized bed incinerator. The cost of fuel oil 
used in our analysis is $.96/gallon and the cost of electricity 
used is $.06/kwh. 

Process Description 

The following is a brief description of the operation of the 
PDF process. It describes the energy flow in the propellant 
disposal process. It does not go into detail about aspects of 
the process that are not related to energy use and possible 
energy recovery. 

Wet Air Oxidation Unit 

The propellant enters the WAO process, Increment I (Figure E-l) 
as a slurry. This slurry is pumped to a high pressure by two 
slurry feed pumps. High pressure air is injected into the 
slurry. The slurry and air mixture then enter a series of heat 
exchangers where it is heated to a temperature at which 
oxidation will take place inside the reactor. The first heat 
exchanger is heated by hot slurry leaving the reactor, the 
second exchanger is heated by high pressure steam. After being 
oxidized in the reactor and then passed through the heat 
exchanger where incoming slurry is heated, the liquid/vapor is 
cooled further in a cooler where about 1.3 million BTU/Hour 
(MMBTUH) are removed. The liquid and vapor then pass through a 
pressure reducing station. From there, the fluid is 
transferred to the vapor separator where the vapor is separated 
from the liquid. The liquid then goes to a storage tank where 
it awaits treatment in the water treatment system. 

The WAO process, except for the afterburner, requires no 
process heat once the reactor is operating at design 
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temperature and pressure. At that time, the exothermic 
reaction occurring inside the reactor will release enough heat 
to heat the incoming slurry and air mixture. 

The steam·used to heat the reactor to a temperature where the 
reaction becomes exothermic comes from a small high pressure 
boiler. This boiler will be on standby once the reaction 
becomes exothermic. 

The water (or oxidized slurry as it is called) from the 
vapor/liquid separator goes to the water treatment system 
(Figure E-3) where it is treated and returned to the system. 
Initially, the water enters the water treatment building and is 
stored for treatment in one of the storage tanks. In the 
storage tank, neutralization and settling take place. From the 
storage tank, the water goes to a vacuum filter where solids 
are removed. The water then goes to the wiped film evaporator 
system from which it is returned to the process or discharged. 

The wiped film evaporator is the biggest energy user in the 
water treatment system because it must evaporate all the 
treated water. Before entering the evaporator, the water is 
preheated i.n a stearn to water heat exchanger to 240°F, 
requiring 0.69 MMBTUH. In the evaporator, the water is 
converted to stearn requiring 4.7 MMBTUH. The solids are then 
collected as sludge and the stearn is condensed in a cooler 
before the water is returned to the process. 

Fluidized Bed Incinerator 

The FBI unit oxidizes the propellant in a 25% by weight 
propellant/water slurry. This slurry will be injected into the 
fluidized bed where it will be oxidized at a rate of 1,000 
pounds per hour. 

The incinerator contains a 8 foot deep bed of aluminum oxide 
(alumina). The bed is fluidized by 1100°F air blown from a 
distribution grid at the base of the bed. The propellant 
slurry and fuel oil are injected into the fluidized bed through 
nozzles above the base of the bed and around the perimeter of 
the incinerator. The incinerator requires 30 gph of fuel oil. 

The exhaust from the incinerator goes through a cleaning system 
to bring emissions into compliance with air pollution 
regulations. After leaving the incinerator, the gasses pass 
through the cyclone separator where particles above 50 microns 
in size are removed. The gas then continues on, through the 
venturi gas quencher, the gas scrubbers and finally through the 
catalytic oxidation unit. In the gas quencher, the gases are 
cooled to a temperature of 140°F. The scrubber removes any 
hydrogen chloride vapor. In the catalytic oxidation unit, fuel 
oil heat the gases before they pass through the catalyst, this 
unit consumes 13.5 gallons per hour of fuel oil. 
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The water treatment system for Increment II is very similar to 
that for Increment I. The capacity of the wiped film 
evaporator and associated equipment is slightly different. In 
this syst~m,the water preheater uses 0.74 MMBTUH and the wiped 
film evaporator uses' 5. a MMBTUH. 

Steam Generating units 

There are three boilers in the PDF, all are fired with No.2 
fuel oil. There is a 7,000 lb/hr. boiler in Increment I and a 
10,000 lb/hr. boiler in Increment II. Both of these boilers 
are used to produce 100 psig steam for process and space heat. 
These boilers are both fire tube type. The third boiler is the 
small package boiler in the first increment used to start up 
the WAG process. At peak firing rate fuel consumption is 
approximately 53 gph for the 7000 lb/hr. boiler in Increment I 
and 87 gph for the 10,000 lb/hr. boiler in Increment II. 

The two main boilers were sized to provide steam for space 
heating and process loads. The space heating loads are small 
in comparison to the process steam load. The largest process 
loads are the two wiped film evaporators. Neither boiler is 
large enough to supply steam for both evaporators, but with the 
schedule of one week in eight being devoted to actual operation 
of each wiped film evaporator, it is obvious that with proper 
scheduling, only one boiler is required. Therefore, the 
application of heat recovery to just one boiler was considered 
as a possibility. This boiler could be used for all process 
and space heater loads and the other boiler could be kept as a 
spare. 

Energy Conservation Opportunities 

In the PDF systems, both Increments offer several possibilities 
for heat recovery which would lead to energy and cost 
reductions. These possibilities are discussed in the following 
paragraphs. The actual calculations for energy savings were 
done as shown in the Appendix. 

The durations listed were calculated assuming each disposal 
system actually handled propellant for 8 weeks per year - 120 
hours per week. 

possible sources and uses of waste heat as listed in Tables E-l 
and E-2. Table E-1 lists sources of waste heat. This table 
lists the heat lost and the temperature ranges over which it is 
lost. Table E-2 lists heat users and, where possible, the 
amount of heat required. 
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In order to match up a specific heat source with a heat user, 
two basic requirements must be met.' First, the energy must be 
available at the proper temperature for the heat requirement. 
Secondly, because energy storage is uneconomical, energy must 
be available at the same time it is needed. 

To insure that the timing requirements are met, the processes 
shown in Tables E-1 and E-2 are broken down into three time 
frames: 

1. Oxidation of Propellant 
2. Water Treatment 
3. Other 

In general, any heat source in one time frame and increment is 
available only for use by a user in that time frame and 
increment. 

It was decided that process heating as opposed to space heating 
was the only valid application of waste heat. The reason for 
this has to do with the operating schedule. Available data 
indicates that the propellant disposal system is only required 
to operate for one week in eight. When operating, either 
increment will be disposing of propellant 24 hours per day for 
5 days. This means that for only a relatively short amount of 
time will there be any useful heat generated. Thus, process 
heat cannot be relied on for space heating. 

The fluidized bed incinerator produces large quantities of hot 
gas. In the present system the heat present in these gases is 
wasted. In the original design process the installation of a 
heat exchanger to preheat incoming gases with this heat was 
considered. At that time it was felt that hydrogen chloride 
gas released in the incineration of composite propellant and 
high temperatures would require a graphite heat exchanger. 
This would have been very costly resulting in a payback period 
of 94 years for disposal rate of 480,000 pounds per year. 
However, if temperatures above 240°F can be maintained 
condensation can be prevented and the heat exchanger can be 
constructed of carbon steel thus reducing costs. 

The catalytic oxidation unit in the second increment is also a 
good source of high" quality heat. This heat can be used to 
preheat gas entering the unit and thus reduce the amount of 
fuel used to heat the gas. This has the extra beneficial 
effect of lowering the amount of air that needs to be added to 
the burner, which means less air must be heated. 
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The water treatment systems for both increments are very 
similar. In both of these systems, the wiped film evaporator 
and preheater are the only candidates for heat recovery. Heat 
can be recovered from the steam that leaves the evaporator and 
is condensed into water at 120°F in the cooler. It could be 
used to preheat the slurry before it enters the preheaters. 
The proposed heat exchanger would be a shell and tube type with 
316 stainless steel tubes. 

The two large process boilers in the PDF are good candidates 
for energy recovery systems. It was decided that the small 
high pressure startup boiler in Increment I is not used for 
sufficient lengths of time nor is it large enough to warrant 
any heat recovery system. The two large boilers as stated 
previously, will be used for both process heat during 
propellant disposal and for space heating during winter. 

There are several methods of heat recovery from boilers. The 
two investigated were feedwater preheat and air preheat. 
Because makeup water is not required in large amounts, 
feedwater preheat was not deemed feasible. Air preheat, 
however, is feasible. In such a system, air entering the 
boiler would be preheated by the flue gases leaving at a 
temperature of 350°F. . 

The 9.1 MMBTU rejected by the cooling tower is of no particular 
use because the water is not of a high enough temperature. 

In summary, the projects selected as worthy of detailed 
analysis are: 

1. Use of a heat exchanger to transfer heat from the hot 
gases leaving the FBI to the incoming air stream. 

2. Use of heat exchanger to transfer heat from the hot 
gases leaving the catalytic oxidizer (FBI System) to 
preheat the entering air. 

3. Transfer of heat from the vapor condensing sides of 
the wiped film evaporator (FBI System) to preheat the 
entering water. 

4. Use of air preheaters on one of the boilers. 

5. Use of a heat exchanger to transfer heat from the 
afterburner gas discharge (WAO System) to heat 
incoming air. 
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TABLE E-1: WASTE ENERGY SOURCES 

HEAT 
REJECTED TEMPERATURE DURATION SOURCE 

DESCRIPTION (MMBTUH) RANGE (OF) (HRS/YR) OPERATION* 

INCREMENT I 

Afterburner Stack 

High Pressure 
Slurry Cooler 

Evaporator Cooler 

Cooling Tower Y-1 

Boiler B-1 Exhaust 

INCREMENT II 

Fluidized Bed 
Exhaust 

Evaporator Cooler 

Catalytic Oxidation 

.36 

1.3 

5.4 

9. 1 

1 • 3 

6.48 

5.0 

Unit 4.0 

Cooler E-620 3.81 

Cooling Tower Y-704 15.0 

Boiler B-700-1 2.2 

Gas Quencher 6.0 

850-80 

380-120 

240 

107-81 

350-80 

1650-190 

221 

850-80 

190-120 

115-85 

350-80 

190 

720 

720 

630 

1350 

630 

720 

720 

720 

720 

720 

720 

1 

2 

1&2 

2 

1 

2 

1&2 

2 

*Operation 1. Oxidation of Propellant; 2. water Treatment; 
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TABLE E-2 : WASTE ENERGY USES 

POSSIBLE 
HEAT FUEL 

SOURCE REQUIRED TEMPERATURE SAVINGS 
DESCRIPTION (MMBTUH) REQUIRED (OF) (GAL/YR) OPERATION* 

INCREMENT I 
--:: 

Preheat Afterburner 
Air 

Preheat water 
Entering Evaporator .7 3°37 3800 2 

Preheat Boiler 
(B-1 ) Air • 1 3 210 735 2 

Heat Evaporator 4.7 320 25600 2 

Start Up Heat 
Exchanger .75 450 233 1 

INCREMENT II 

PreHeat Air Entering 
Fluid Bed 2.2 1100 11660 

Preheat Air Entering 
Catalytic Oxidation 

Unit 

Evaporator Preheater .64 320 3980 2 

Heat Evaporator 5.0 320 31000 2 

Preheat Boiler Air .19 210 1200 2 
(8-700-1) 

*Operation 1. Oxidation of Propellant; 2. Water Treatment. 

Resul ts 

Each of the five projects listed at the end of the last section 
was analyzed to determine the payback period for each project. 
The results of these analyses are shown in Table E-3. 
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Table E-3 

Annual Payback 
Manufacturer Initial Energy Period 

Application of unit Inst Cost Savings (Years) 

FBI Unit, Smith-Engrg. 75,700 13,800 7.8 

Catalytic 
Oxidizer Smith Engrg. 77,000 12,000 10 

Wiped Film 
Evaporator Taco 17 ,100 2,500 10+ 

Boiler Air Condensing 
Prehater Heat Exchgr. 23,000 4,300 7.5 

After Burner Q-Dot 16,200 760 10+ 

The detailed economic analysis calculations are given in the 
Appendix. These calculations were done in accordance with 
NAFVAC P-442, "Economic Analysis Handbook". The cost of each 
modification project was roughly estimated. This estimate 
required input from heat exchanger manufacturers for 
recommended sizing and pricing of the heat exchanger. A rough 
layout of the new equipment was done to determine the 
approximate amount of new piping and piping modifications 
required for the installation. All this information was used 
to produce an order of magnitude estimate of installation 
costs. The energy savings are calculated from the information 
as given in the Appendix and from information supplied by heat 
exchanger manufacturers. ' 

with the costs and savings figures calculated, it was possible 
to calculate payback periods, using the methods in P-442. The 
present value of the savings was calculated for a 10 year 
project life. The present value of savings was then divided by 
the investment cost to get the savings investment ratio (SIR). 
The savings investment ratio was then used to determine payback 
period in years. 

Projects with payback periods in excess of 10 years are not 
economically justifiable and are not recommended. The reason 
for this is the 10 year project life used in our analysis. 

Recommendations 

In Table E-3, only two projects offer payback periods of less 
than 10 years. We recommend that if the propellant disposal 
facility is going to be used, these projects be constructed. 
These projects are the addition of a preheater for the 
fluidized bed incinerator and addiition of an air preheater for 
the boiler B-700-1. The Boiler B-700-1 will then be the main 
boiler and B-1 will only be operated as a spare. 
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VIII WATER BALANCE ANALYSIS 
FOR WASTEWATER TREATMENT FACILITY 

General. The purpose of this section is to examine the 
handling of water throughout the facility and especially 
in the wastewater treatment facility to determine if it is 
being handled in a conservative manner. Since all treated 
water now is evaporated within the treatment process, the 
system is very energy intensive. A secondary purpose of 
this section is to evaluate the possibility for an 
alternate treatment process which would use less energy 
and still allow for recycling process water. 

Introduction. Water crosses the boundary of the 
wastewater Treatment Building (Number 1574) in a number of 
forms and conditions. These include well water and river 
water into the building for initial tank filling and 
makeup, oxidized slurry and scrubber water for treatment, 
treated effluent water for discharge or recycling, and 
steam, vapor, and condensate. Not included in this 
analysis are cooling waters and steam and condensate which 
are part of energy transfer systems and are essentially 
closed loops with no net gain or loss of fluid within the 
building. 

A. Increment I - Water Balance 

Figure VIII-l indicates all water crossing the building 
boundary for both increments. Increment I flows are 
indicated by a solid line. The following tables summarize 
these lines and indicate source, destination, and nominal 
rate. Only those lines affecting the water balances are 
included. 
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Lines Entering 

TW-067 8" 

TW-062 1" 

OS-IOO 2" 

WW-IOO 4" 

Lines Entering 

TW-061 1-1/2" 

SW-075 1-1/2" 

SW-072 1-1/2" 

WW-l03 2" 

WW-IOO 3" 

V-122 4" 

INCREMENT I 

Destination and/or Source 

From Film Evaporator to 
Evaporator Condenser 

From wet Film Evaporator 
to Sludge Tank 

Oxidized Slurry from Bldg. 
#1573 to Tanks TIA, B, C 

From Wells to Various 
Destinations for Filling 
or Makeup 

Destination and/or Source 

From Evaporator Feed Heater 
to Evaporator 

From Evaporator Overhead 
Receiver to Sand Fill 

From Evaporator Overhead 
Receiver to Building 1570 
for Reuse 

Nominal Rate 

4940 Ib/hr 
@ 240 ° 10" 2 psig 

222 lb/hr @ 
240°F 

5078 Ib/hr @ 
120°F 

uncertain and 
Intermittent 

Nominal Rate 

11 gpm 
Ib/hr 

11 gpm 

11 gpm 

(5163 

To Cooling Tower Basin for As Required 
Makeup from WW Line @ NE 
Corner of Building 

To Other Building from Well As Required 
Water Pumps (No Effect on 
Water Balance) 

To Gas/Liquid Separator Unknown 
Tank from TIA, B, C 

Description of Water Usage 

The following is a recapitulation of inflow and outflows 
affecting wastewater treatment water balance for Increment 
I. 

For Increment I, all are directly or indirectly related to 
operation of the WAO unit. 
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Oxidized slurry enters the water treatment building from 
Building D at the rate of 5078 Ib/hr @ 120°F (density of 
slurry is unknown). Slurry is pumped to treatment tanks 
TIA, TIB, or TIC. Transfer line is OS-IOO 2". Tank 
capacities are 4660 gal each. If filled at the rate of 11 
gpm, as could be pumped to tanks for approximately 21 
hours prior to beginning treatment. 

While in the tanks, ammonia solution and ferric chloride 
are added for treatment. Ammonia comes from 
neutralization makeup tank at transfer rate of 10 gpm, 
4367 Ib of ammonia solution per batch, 22 Ib of ferric 
chloride per ,batch. Treated water is added to Tank T-2 but 
comes from within treatment building. Ferric chloride 
comes from Tank T-3. Makeup water to T-2 is also treated 
water from within plant loop via T-4 filtrate separator 
and pump D-6. Origin of water is H-2 Vacuum Filter. 

Pumps 2A, B (transfer pumps) pump treated slurry water 
(now called TW) to vacuum filtration unit @ 5805 Ib/hr, 
120°F. Pump P6 transfers filtrate to E-3 evaporator feed 
heater @ 5163 Ib/hr~ therefore, sludge removed should be 
5805 - 5163 = 642 Ib/hr. A discrepancy exists at this 
point because project flow sheets predict 86 Ib/hr of 
sludge production. Reference 1 (at end of section) 
predicts 105 Ib of sludge per 1000 Ib of propellant or 
52.5 Ib of sludge per hour at a 500 Ib/hr propellant 
destruction rate. 

From evaporator feed heater (E-3) TW flows to (S-l) wiped 
film evaporator (line TW 061 1-1/2") leaving building at 
5163 Ib/hr. Vapor leaves S-l at 4940 Ib/hr to E-2 
evaporator condenser and T-7 evaporator overhead receiver 
(5000 gal). Water transferred to Building #1570 at 4940 
Ib/hr (line SW 072 1-1/2") leaving building by pumps PIIA, 
and P11B. Sludge from the bottom of S-l at 222 Ib/hr, 
reenters building to tank T-8 (sludge tank) via TW 062 1". 
Sludge is pumped at 222 Ib/hr to sludge collector near 
vacuum filter. Slurry water goes to T-I05 (2000 gal), 
Building #1570 for reuse (2000 gal = 16,684 lb.) 

Conclusion - Everything balances except vapor lost to 
atmosphere when operating vacuum filter. This could be 
represented by the difference in computed sludge removal 
versus flow sheet indicated removal of 642 Ib/hr - 86 
Ib/hr = 556 Ib/hr. This seems extremely high so there may 
be an error on the flow sheets. 
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If there is no demand for slurry water at other buildings, 
water can be pumped to trickling filter (T-6) and sand 
filter (B-1) and ultimately to river. This could affect 
water balance greatly. Since tank T-l05 holds only 16,684 
lb of water, water could be transferred for only 3.4 hours 
prior to completely filling Tank T-l05 if no demand for 
slurry makeup water exists at the time. 

from Tanks lA, B, C coud be Total batch treated 
approximately 4660 x 
percentage is 4940 x 

3 = 13,980 gallons. Recovery 
100 = 85%. Therefore, 11,883 gallons 

5805 
per batch could be transferred to Building 1570. 
tank capacity is only 2000 gallons, 9883 gallons 
water could be wasted. 

Since 
of usable 

When operating continuously, however, the 85 percent water 
recovery for the Increment I process is quite good. 

The only other line entering wastewater treatment building 
is WW-IOO 4". At the entry point, it splits, reduces and 
fills tank T-ll, boiler feed water tank and leaves 
building in two places: (WW-l03 2") to cooling tower 
basin, and (WW-IOO 3") to other buildings. These normal 
requirements for makeup water are unavoidable and usages 
are relatively small and intermittent and do not greatly 
affect the water balance. Waters which are ultimately 
discharged may, however, have an impact due to water 
quality rather than quantity. 

Discussion and Potential Modifications 

While continuously operating, the treatment system is 
reasonably efficient from a water balance standpoint. 
While operating, treated water is available for makeup 
water addition to ammonia solution tank and ferric 
chloride tank. Likewise, if propellant is still being 
slurried for eventual disposal at the same time waste is 
being treated, there is a need for recycled water. 

Summary of water lost during continuous operation 
includes: 

1. Lost in sludge at vacuum filter (approximately 10% by 
weight or 11 lb. per 1000 lb. propellant). 

Total fluid into plant = 5078 lb/hr of 90% water, or 507.8 
lb/hr propellant. Water lost = 507.8 x 11 = 5.58 lb/hr. 

1000 
Sludge, including water = 507.8 x 105 = 53.3 lb/hr. 

1000. 
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This does not agree with flow sheets which indicate either 
642 lb/hr sludge removal or 86 lb/hr sludge removal. 
Al so, 10% moi sture .content for sludge is highly 
questionable. Reference 2 indicates typical ranges of 
solids content for various types of sludges dewatered by 
vacuum filtration. Solids content of greater than 38 
percent by weight is generally not achievable. At any 
rate, loss of water at vacuum filter is minor. 

2. Water lost in sludge at wiped film evaporator is 222 
lb/hr of SO% water (flow diagram) or 119 lb/lOOO lb 
propellant per referenc~ 1. Therefore, water lost is 
III lb/hr by flow diagram, or 60 lb/hr per referenced 
letter. Either way, water loss is minimal. Published 
solids concentration in sludges is somewhat suspect. 
If greater water percentages exist in sludges than 
stated, disposal problems will be greater and more 
costly. 

3. Cooling tower blowdown (which can be reused for 
slurrying) is of undetermined amount although blowdown' 
rate shown on drawings is 10 gpm. Per Reference 1 it 
is 3 gpm with the following characteristics: pH 7-8, 
temperature 8SoF, Total alkalinity as Calcium 
Carbonate 8786 ppm, sulfate 36 ppm, chloride 78 ppm. 

To summarize, water' lost during continuous operation is 
minimal although exact amount is uncertain due to 
disagreements among sources. 

The overwhelming water requirement is for initial 
slurrying of propellant, which is not strictly related to 
water treatment plant. Once treated water begins to 
return to Building lS70 to Tank T-lOS, little additional 
water is required. If, however, water cannot be used in 
Building lS70 as it is available and it has to be dumped, 
it would be wasted. 

All of the above discussion on Increment I is somewhat 
irrelevant, however, since changes made during Increment 
II add tankage for temporary storage and lagoons to 
contain water from the plant not immediately returned for 
reslurrying. 

B. Increment II - water Balance 

The dashed lines on Figure VIII-1 indicate those lines 
carrying water in some form across the building boundary 
which were installed during Increment II. The following 
table summarizes these lines. 
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Lines Entering Destination and/or Source 

V-027 3" Ammonia Tank Thru Building 
to Equip Building 

TW-458 8" From Wiped Film Evaporator 
to Evaporator Condenser 

TW-475 2" From Wiped Film Evaporator 
to Sludge Holding Tank T408 

EW-433 4" From Lagoon to TlA, B, C 
or T401A, B, C 

SDW-686 3" To T401A, B, C from Scrubber 

EW-799 1-1/2" From P706 to EW 424 
(see below) 

EW-706 1-1/2" Drain CW Downstream of Pumps 
to Building Floor Sump 

EW-796 1-1/2" Drain from CW Line Downstream 
of Cooling Tower Y-l 

RW From Yard Fire f\'lain 

Nominal Rate 

N/A 

4654 Ib/hr 

692 Ib/hr 

50 gpm 

N/A 

N/A 

As Required 

Line Entering Destination and/or Source Nominal Rate 

EW-424 1-1/2" From Floor Sump or Sewage 15 gpm 
Sump to Lagoon via Pumps P16 or P706 

TW-406 3" To Gas Scrubber D-620 from 103.5 gpm 
Treat Tank Pumps 

WW-758 2" To Composite Slurry Buildingas needed 

CF-7l3 1/2" Chemical Feed to Cooling Tower 

CF-7l4 1/2" Chemical Feed to Cooling Tower 

unknown-minimal 

unknown-minimal 

RW-70l 2" River water to Cooling Tower Basin unknown 

CF-700l 1/2" 

TW-456 I" 

SW-466 1-1/2" 

Chemical Feed to P706 Sump 

From E-403 Preheater to 
Evaporator 

To Sand Filter or Trickling 
Filter 

unknown 

5346 lb/hr 

The ,following is a recapi tulation of inflows and outflows 
which affect water balance for Increment II. 
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Increment II differs entirely from Increment I in that all 
of the water used to make up the propellant slurry is 
evaporated in the Fluidized Bed Incinerator and does not 
constitute a wastewater to be treated~ Although the 
quantity is the significant amount of water used in the 
facility, it has no meaning with regard to the water 
treatment plant water balance, and is not available for 
reclamation. The water treatment for Increment II 
consists of treatment for recycling of the water used in 
the FBI Scrubber. 

S~rubber discharge water is pumped to Tanks T401A, B, C 
from the incinerator building. Some conflict exists 
between flow. sheets regarding flow rate, but 109 gpm seems 
correct for average flow. Treated water from tanks is 
returned to incinerator building to scrubber by pumps 
P405A/B. Again some conflict regarding rates. Flow rate 
says 103.5 gpm, pumps are 102 gpm (use 103.5) 13.5 gpm 
goes to gas quench and ultimately to scrubber. Makeup is 
10 gpm water out is 109 gpm. Therefore, water lost due to 
evaporation should be 4.5 gpm. Water lost at tanks sould 
be 109 - 103.5 = 5.5 gpm. This must be compared with 
sludge removal rates. 

While in treatment tanks, only ferric chloride is added 
from existing system. 

3. From bottoms of tanks T401A, B, C, TW is pumped by 
P402A, B to tie in ahead of existing vacuum filtration 
unit H-2. Transfer rate is 5346 Ib/hr. Material 
balance sheet shows transfer to wiped film evaporator 
of 5346 Ib/hr also. this can1t be exact as this allows 
for no sludge removal. Sludge produced per Reference 1 
is 392 pounds per 1000 pounds of composite propellant 
and only 6.3 pounds per 1000 pounds of double base 
propellant. Vapor leaves evaporator at 4654 Ib/hr. 
Vapor is condensed in T407. Sludge leaves evaporator 
at rate of 692 Ib/hr (50% H20). Condensed slurry 
water can be transferred to trickling filter for 
disposal or to storage tank T410 (5000 gal.). Sludge 
goes to Tank T408 and to sludge tank near vacuum 
filter unit. 
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Summary. Not including water lost as evaporated slurry 
and as a vehicle for chemical addition, the only water 
consumed or lost by the water treatment process consists 
of that added as makeup at the scrubber which is 
evaporated and not returned to the treatment tanks 
(approximately 4.5 gpm), water in the sludge or vapor at 
the vacuum filter (0.08' gpm maximum) and water contained 
in the wiped film evaporator sludge (0.7 gpm). This total 
of 5.3 gpm is suspect, as sludge as dryas that assumed in 
the various referenced documents, especially the 10% 
moisture at the vacuum filtration unit is suspect. 
Normally, sludge containing only 30% solids is suitable 
for landfilling. Nevertheless, this amount is small 
considering the amount of water handled. 

Conclusion. Although the PDF is a significant water 
consumer due to the large amounts required for propellant 
slurrying and tank filling, water is in general reclaimed 
wherever possible. Wastewater treatment is efficient and 
appears to render an acceptable percentage of reusable 
water. Especially after the redundancy in storage and 
transfer incorporated as part of Increment II, very few 
events would occur which would result in loss of otherwise 
recycleable water. Therefore, no obvious opportunities 
for water conservation exist in the treatment systems as 
designed. 

The significant water consumer (the FBI) is one of the 
basic elements of this facility. Modification and/or 
elimination of this device is being studied as part of 
other tasks within this report. 

References. 

1. Propellant Disposal Facility Techno/Economic Study -
date unknown 

2. u.S. Environmental Protection Technology Transfer (EPA 
625/1-74-006) Process Design Manual for Sludge 
Treatment and Disposal. October, 1974. 
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c. Alternate wastewater Treatment Methods 

Present Treatment Process 

The treatment process as designed has been evaluated 
and described elsewhere. As previously discussed, the 
fact that wiped film evaporators are used in both 
increments for sludge concentration and water 
purification makes the wastewater treatment process 
very energy intensive. 

It is far beyond the scope of this report to design an 
alternate treatment plant. Nevertheless, it seems 
appropriate to evaluate the possibility that the 
treatment process could be changed to save 
considerable energy, while continuing to recycle 
water. The following is devoted to treatment of 
Increment I wastes. The same process could not be 
adapted or modifed for Increment II. If the FBI were 
shown to be economically feasible (which is unlikely 
judging by the many uncertainties still existing) 
still another alternate or use of the original 
treatment system would be required for Increment II 
wastewater. 

Influent Characteristics 

An examination of documents supplied indicates that 
the range of influent parameters expected in the 
oxidized slurry is as follows: 

Item 

02 (residual) 
H20 
Pb (inorganic) 

Cu) may be present 
Ni) may be present 
Al (may be present) 
Ash 
pH 

Effluent Requirements 

Concentration of Range 

to 2% 
>95% 
1800 mg per I or 2% 
by weight 

<2% 
<2% 
<2% 
<1% 

1.0 to 2.0 

The exact limitations on contaminant levels permitted 
to be discharged from the wastewater treatment plant 
to the river depends upon the NPDES permit for NOS. 
If pretreatment only were considered, the required 
contaminant levels would depend upon the allowable 
levels acceptable at the NOS treatment plant. The 
following tabulation lists the presumed levels to 

VIII-10 

. I 

. . 1 

I 

I 

-j 



Item 
1 

I 
I 

Pb 
Cu 
Ni 
Al 

( 
pH I 

I , BOD 
TSS 

-I 

I 

which the water leaving the plant would have to be 
treated. 

Discharge to 
Concentration or Ranse 

Discharge to 
Fresh Water Treatment Plant 

0.02 to 0.05 mg/l O. 1 mg/l 
0.01 to 0.05 mg/l O. 1 mg/l 
0.02 to 0.10 mg/l O. 1 mg!l 
0.10 to 1.5 mg/l 
6.5 to 8.5 5.0 to 9.0 
30 mg/l (typical) 300 mg/l 
30 mg/l (typical) 350 mg/l 

Treatment Methods and 0Etions 

The contaminant present in the largest concentration, 
and upon which the basic treatment system would have 
to be based, is lead. The stated maximum 
concentration of 1800 mg/l is far higher than any 
published treatment data found. However, in general, 
removal efficiencies increase with increased 
concentration of the contaminants. The following 
summarizes the treatment steps available and 
theoretical results. 

1. Lime addition followed by sedimentation: 98.5% 
lead removal 
Theoretical reduction: 1800 mg/l to 27 mg/l 

2. Lime and Ferric Sulfate addition followed by 
sedimentation: 99% lead removal 
Theoretical reduction: 1800 mg/l to 18 mg/l 

3. Lime and Ferric Sulfate addition followed by 
sedimentation and filtration: 99.4% lead removal 
Theoretical reduction: 1800 mg/l to 10.8 mg/l 

4. Ion exchange: strong acid cation exchange resin: 
99.9% lead removal 
Theoretical reduction: 1800 mg/l to 1.8 mg/l 

Processes 1, 2, and 3 were based on tests performed on 
waters with lead concentrations ranging from 5 mg/l to 
6.5 mg/l. Process 4 was based on testing of 
wastewaters containing 127 to 145 mg/l. 

Based on the above, it appears that none of the 
processes would result in a dischargeable wastewater 
all by itself. Evidently, a series of steps would be 
necessary. 
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Results. 
(order of 
treatment 
treatment 

For purposes of developing a cost estimate 
magnitude) for a more energy efficient 
method, we have postulated the following 
process. 

A 24 hour retention time sedimentation basin equipped 
with provisions for both lime and ferric sulfate 
addition could be provided with a floculation mixing 
zone and scrapers for sludge removal. Coagulation and 
precipitation should.be followed by sand filtration. 
Final effluent would be polished using an ion exchange 
unit with a strong acid cation exchange resin. 
Projecting percentages based on previously stated 
removals, it should be possible to reduce lead to 
approximately 0.01 mg/l. Of course, this is only 
theoretical, and implementation would depend upon 
testing. 

A schematic has been developed and is included as 
Figure VIII-2. It would be possible to reuse a number 
of the items of equipment from the existing treatment 
plant. We estimate a cost of approximately $428,000 
to construct this plant. Since the probability that 
the WAO unit w~ll be operated in relatively small 
(especially on a full time/fully operational basis), 
this subject has not been explored further. 
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IX. ECONOMIC SUMMARY - EXISTING PROPELLANT DISPOSAL FACILITY 
, AND ALL RECOMMENDED MODIFICATIONS 

Increment I 

Subsystem or Item 

Propellant Feed, Conveying, 
and Grinding 

Propellant Slurry Preparation 

Wet Air Oxidation Systems 

wastewater Treatment Systems 

Energy Recovery Implementation 

Test, Debug, Shake Down @ 25% 

Totals 
(see Note 1) 

Minimal 
Modifications 

*$ 208,000 

30,000 

278,000 

102,000 

155,000 

$ 773,000 

Increment II 

Subsystem or Item 

Propellant Feed, Conveying, 
and Grinding 

Propellant Slurry Preparation 

Fluidized Bed Incinerator Systems 

Minimal 
Modifications 

*$ 208,000 

18,000 

(This is an extreme approximation) 2,100,000 

wastewater Treatment Systems 

Energy Recovery Implementation 

Test, Debug, Shake Down @ 25% 

Totals 
(see Note 1) 

24,000 

536,000 

$2,678,000 

Desirable 
Modifications 

*$ .332,000 

30,000 

278,000 

117,000 

40,000 

204,000 

$ 996,000 

'-. 
De sir a b 1 e'~""''''' 

Modifications 

*$ 332,000 

18,000 

2,100,000 

47,000 

60,000 

556,000 

$2,781,000 

*These costs are applicable to both Increments, but are not 
included in Increment II totals. 

------------------------ -----------------~-
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ALTERNATE WASTEWATER TREATMENT FACILITt 
a. Construction $427,800 

b. Design Cost @ 6% 25,668 

c. SIOH @ 5% 21,390 

d. Additional Costs-Studies, Field 
Verification, etc. @ 10% 42,780 

Total $517,638 
(see Note 2) 

NOTES: 

1. Totals do not include actual facility commissioning, labor, 
spare parts, supplies, equipment, etc. This was e~timated 
@ $2,712,000 per memorandum from 2031C: PRS to E dated 20 
March 1978, Subject: Commissioning Estimate. 

2. Total does not include actual facility commissioning, 
labor, ~pare parts, supplies, equipment, etc. 
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X. ADDITIONAL MODIFICATIONS FOR DISPOSAL 
OF 100 PERCENT OF ORDNANCE RELATED WASTE 

A. Introduction 0 

The ordnance related wastes at NOS include a wide variety of 
material in many different configurations. Additional new 
facilities will be required to accomplish 100% disposal of 
these wastes. Various options and combinations of equipment 
must be considered in relation to the specific requirements for 
disposal of each waste category. 

In order to provide an orderly approach to this analysis, the 
wastes have been categorized according to particular properties 
that make their disposal unique. These categories, along with 
the estimated quantities and their percent of the total 
workload, are listed in the attached table. 

This categorization~llows the definition of both the type of 
disposal process and the pollution control requirements for 
each type of waste. 

It is recommended that only thermal treatment processes be 
considered for these materials. Later sections describe the 
rationale for this decision. Based on this rationale, several 
thermal processes, along with the necessary pollution control 
methods and two basic options of process equipment combinations 
to handle 100 percent disposal on site have been recommended. 
Section XI of this study adgresses off site transportation and 
disposal. 

Each of the options is also subdivided into program increments 
and prioritized in anticipation of the likely event that 
funding constraints will dictate incremental funding of the 
program. 

Option 1 (Ref. Figure X-1) would consist of a Size Reduction 
Facility (SRF), and Explosive Waste Incinerator (EWI) and a 
Contaminated waste Processor (CWP). Type 1 and Type 2 wastes 
would proceed directly to the CWP for processing. Types 3, 4 
and 8 would proceed directly to the EWI and Types 5 and 6 would 
proceed to the EWI after processing in the SRF. Type 7 waste 
could be processed in the CWP as a fuel supplement or sent to 
DLA as their responsibility if certified clean of explosives 
and propellants. 

Option 2 (Ref. Figure X-2) would consist of SRF, EWI, CWP and 
WAO facilities. Types 1 and 2 waste would be processed in the 
CWP, as in Option 1. Types 3, 5 and 8 waste would be processed 
in the EWI, and Types 4 and 6 waste would be processed in the 
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WAO. As in option 1, both Types 5 and 6 waste would first be 
processed in the SRF and Type 7 waste could sppplement fuel in 
the ewp or be sent to DLA. 

The basic difference between these options is the handling of 
Types 4 and 6 waste, which contain AP. They require halogen 
removal for pollution control and create corrosion 
considerations. We are aware of no systems that commonly 
handle these propellants containing AP on a production basis. 
Therefore, some design modifications to existing systems are 
required. We have proposed two options: 1) modify the EWI air 
pollution control system to incorporate He1 control or 
2) modify the WAO to handle these materials. 

Noticeably absent from these two recommended options is the 
Fluid Bed Incinerator (FBI). A third option (Ref. Figure X-3) 
would be to use the WAO, FBI, Deactivation Furnace (DF), and' 
ewp in combination with an SRF. Economic considerations 
preclude recommendation of this option. 

It should also be noted that the contaminated waste processor 
(ewP) is common to both recommended options. It is the clear 
cut choice for processing contaminated wastes. In harmony with 
existing open burning permits,- it is recommended that this 
equipment be obtained as soon as feasible. The equipment is 
av?ilable with only little site specific design modifications 
and it can stand independent of other recommended equipment. 
The ewp by itself could eliminate 40% of all wastes that are 
now being open burned. 

EPA regions 4 and 7 and also the state of Wisconsin have set 
precedence by ruling the wastes handled in the ewp are not 
Hazardous Wastes. The rationale behind this classification was 
that the contaminated waste did not contain enough explosive 
that the waste itself was reactive and no listed wastes were 
processed. This fact is significant in that permitting was not 
required for the ewp units in those areas. If this could be 
pursued in the state of Maryland and a similar ruling received, 
construction could begin when funds are available. 

The following sections describe the considerations for 
development of the above options and a master plan outline 
their implementation. Based on the developed data, Option 
the most highly recommended. 

In the development of these options, a number of specific 
criteria were considered •. These criteria are discussed 
hereinafter. 
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WASTE a WORKLOAD DEFI N ITIONS 

CODE DESCRIPTION 0 1% AMOUNT 

CONTAMINATED WASTES 
WIO AP 

, 

: 37.7 
I 

2 CONTAMINATED WASTES 0 
WI AP 

o 0 , 

3 PROPELLANT a EXPLOSIVE! 14.3 

WASTES WIO SR a WIO API 

4 PROPELLANT a EXPLOSIVE i .2 
WASTES WIO SR a WI AP 

, 
l 
i 

5 PROPELLANT a EXPLOSIVE! 37.4 

WASTES WI SR a W/O AP I 
I 

6 PROPELLANT a EXPLOSIVE!a.2 
WASTES WI SR a WI AP 

7 LIQUI D WASTES .4 

517,000 I 
(LBS.) I 

I 
I 

o ! 

I 
195,400 i 

I 
3,0001 0 

r 

I 
I 

~ : 
512,100 I 

I 
112,900 I 

5,000 

8 CONFIGURED ITEMS 1.8 25,000 

TABLE X-I 
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B. Waste Stream Definition and Characteristics 

The waste stream has been identified item by item in the 
following Table. They are broken down lnto 8 groupings or 
codes for disposal. 

1. Contaminated Wastes 
W/O AP 

2. Contaminated Wastes 
W AP 

3. Propellant & 
Explosive Wastes 
W/O SR & W/O AP 

4.. Propellant & 
Explosive wastes 
W/O SR & W/AP 

Material 

Gloves, rags, cotton 
wastebags, etc. 

Equipment, Shipping 
Centers, Dunnage, 
drums, boxes, metals 
plastic parts. 

Miscellaneous 

Nitrocellulose 

Casting Powder 

Shavings/Chips 

Extrusion Flashings 

PNC (Plastisol 
Nitrocellulose) 

HMX & RDX 

HBNQ 

Annual Prod. 
(Waste) 

17,000 lbs. 

500,000 Ibs. 

Insignificant 

1,000 Ibs. 

120,000 Ibs. 

2,000 lbs. 

300 Ibs. 

100 Ibs. 

2,400 Ibs. 

500 Ibs. 

Powdered AI. (contaminated) 100 Ibs. 

Slums 

Nitroglycerin 

Metriol trinitrate 

Triethylene Glycol 

Dinitrate 

Otto Fuel 

Reject Composite Mix 
(uncured) 

X-3 
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Annual Prod. 
1 Material (Waste) 

5. Propellant & Talos Grain 20,000 lbs. I Explosive Wastes 
W/SR & W/O AP Terrier Booster and 272,200 lbs. 

Terrier Sustainer 
with inhibitor 

ASROC Shell and 14,400 lbs. 
ASROC Cruciform 
w/ethel cellulose 
acetate inhibitor 
(uncased) 

Zuni with Inhibitor 85,000 lbs. 

Sidewinder IA with 5,000 lbs. 
Inhibitor 

2.75 Motor (FY 85 54,000 lbs. 
Production) 

Extrusion waxout 1 ,000 lbs. 
Material 

Rapec and MK51 with 3,000 lbs. 
Inhibitor 

Grain End Trim/Slabs 15,000 lbs. 

Carpet Rolls 12,000 lbs. 
\ (excess or reject) 

MK89 with inhibitor 15,500 lbs. 

LOVA/GAO Propellant 15,000 lbs. 
(FY 85 Production) 

6. Propellant & Zuni 1 ,000 lbs. 
Explosive Wastes 
W/SR & W/AP CTBN 3,000 lbs. 

Hogged-out Propellant 4,000 lbs. 

Ammonium Perchlorate 9,700 lbs. 
Scrap 

Standard Arm Sustainer 27,000 lbs. 
and Booster Scrap 
(cured) 
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7. Liquid wastes 

8. Configured Items 

Material 
Annual Prod. 

(Waste) 

Standard Arm Props 43,000 lbs. 
Heels Uncured (could 
vary from cured hard 
to viscous liquid 

Standard Arm Boosters 14,400 Ibs. 
(uncased) 

2.2 Jato Scrap (CTBN) 1,000 Ibs. 
cured 

2.2 Jato Scrap uncased 1,000 lbs. 

HTPB 1 00 I bs • 

2.2 Jato Heel 
uncured 

BOMROC 
RAP 
SFU Igniter 

Heptane 
Acetone 
Alcohols 
Hexane 
Ag i tine 

Pyrotechnics 
Squibs 
CAD 
PAD 
Igniters 
Caps 
C"artridges 

8,400 lbs. 

300 lbs. 

5,000 lbs. 

25,000 lbs. 

C. Pollution Control Requirements. 

The pollution control requirements will be broken down 
into 3 categories: (1) Stack Emissions, (2) Ash Disposal 
and (3) Water Treatment. 

Stack Emissions. In researching the Federal Stack 
Emission standards in Title 40 of the Code of Federal 
Regulations (40 CFR), it states in paragraphs 264.343 (b) 
and (c) that the maximum allowable hydrogen chloride (HCl) 
is four pounds per hour (or 99% removal efficiency, 
whichever is greater) and the particulate emisions shall 
not be more than 0.08 grains per dry standard cubic foot 
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dscf) when corrected for the amount of oxygen in the stack 
gas. The State of Maryland's standards were also 
researched and found that they do not have HC1 
requirements. However, COMAR 10.19.08.05A(3) currently 
allows up to 0.10 gr/dscf of particulates for 
incinerators. In order to comply with all applicable 
regulations, any new system will have to meet the 4 pounds 
per hour HCI standard and the 0.08 grains/scfd on 
particulates. 

Ash Disposal. The waste ash generated in the processes , 
must be disposed of in an environmentally approved manner. 
The major anticipated sources will be the residue from the 
furnaces themselves and from the cyclone and baghouse in 
the air pollution control system. At this time 3 options 
for the ash disposal should be examined. 

Reclassify. If complete destruction can be guaranteed 
the waste ash may be certified and then can be 
disposed of in a common landfill. The ash from the 
contaminated waste processor may fit in this 
category. 

Concrete Encapsulation. The ash could possibly be 
mixed with concrete to form a solid block. This block 
would contain the ash and prevent its dispersing. 
This block could then be disposed of in a landfill. 
It must be noted that this option is a possibility 
only. Its approval would depend on several factors 
and may not be feasible. 

Hazardous Waste Landfill. The last option is to 
consider it still a hazardous waste and dispose of it 
in a hazardous waste landfill. This would essentially 
be a volume reduction process. This is the most 
direct approach. A cost estimate would have to be 
made to see if any of the other two options should be 
pursued. 

Water Treatment. This area only addresses the water used 
for the wet scrubbers in the various options. The water 
is scheduled to go to the existing water treatment 
facilities. If it can not be cleaned adequately by 
chemical treatment or filtering, evaporation and t~en 
disposing of the salt residue is suggested. 

D. Disposal/Destruction Options 

Landfill. In the past, landfilling, surface impoundment, 
or underground injection have been acceptable methods for 
waste disposal. However, with the promulgation of the RCRA 
regulations, these methods have become very costly and 
difficult to use. In fact, legislation is currently in 
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process which could result in a total ban on using these 
methods for toxic waste disposal within the next four years 
unless there are absolutely no alternatives for the 
material in question. Landfill of reactive waste is already 
banned. Hence, this option is not viable at NOS. 

Biodegration. One method of providing waste detoxification 
is by biological action similar to that used in municipal 
sewage treatment plants or composting operations. The Army 
and Navy have tried several methods to speed up the rate of 
biological degradation on various types of explosives. 
However, there are formidable problems involved. The 
explosive materials tend to be refractory and toxic to 
micro-organisms and therefore do not support the biological 
action. Often times, the degradation proceeds only one or 
two molecular steps to a level where the products are both 
more refractory and more toxic than the original explosives 
were. 

Open Burning/Detonation. Open burning is one of the oldest 
and most universal demilitarization techniques. It 
requires no elaborate equipment, negligible fuel and little 
labor costs. However, it is sometimes a very smoky 
operation, and it is no longer ecologically acceptable in 
some states. Open burning is presently allowed at NOS but 
it is anticipated that this won't be allowed in the future. 
High order detonation is also an old and universal disposal 
method. It is sometimes the only available method, 
especially when an item such as a large bomb or shell is so 
deteriorated that there is no safe way to disassemble it. 
Therefore, like open burning, detonation may be required to 
some degree. Depots with remote locations are all capable 
of providing high order detonation disposal. The method is 
low cost and requires no special equipment. However, as 
technology improves handling and disassembly capabilities, 
the need for open detonation is decreased. Also, as with 
open burning, it is anticipated that this will not be 
allowed in the future due to tougher environmental laws. 

The major drawback to these options is the total lack of 
environmental and air pollution control. 

Recycle/Recovery 

General. Public Law No. 94-580, the Resource Conservation and 
Recovery Act, incorporates the Hazardous Waste regulations 
described in Title 40 of the Code of Federal Regulations. 
regulations were developed, in part, to foster recycling and 
recovery of materials as opposed to direct disposal. In 
conjunction with this philosophy, one must first be aware of 
the difference between recycling, recovery, and disposal, and 
second, how these definitions apply to individual "waste" 
streams and their ramifications on "waste" elimination. 
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To "recycle" waste means to process or otherwise treat the 
waste in such a. way as to return it to its initial state, i.e., 
with the same characteristics the substance or material 
exhibited as a new product. 

To "recover" means to reclaim, or "get again", a substance in a 
pure or usable form from refuse materials or from a waste 
product or by-product of manufacture. 

To dispose, as quoted from 40 CFR 260.10, means "the discharge, 
deposit, injection, dumping, spilling, leaking or placing of 
any solid waste or hazardous waste into or on any land or water 
so that such solid waste or hazardous waste or any constituent 
thereof may enter the environment or be emitted into the air or 
discharged into any waters, including ground waters." 

Many of the waste items of concern at NOS would be potential 
candidates for recycling or recovery operations, e.g., 
propellant and explosive scraps (recovery or recycling) and 
metal parts (recovery). Many of the waste materials do not 
lend themselves to recYGling or recovery, such as contamTnated 
production materials, shipping containers, drums, boxes, and 
plastic parts. This type of waste must be disposed of or 
destroyed. At the present time, incineration (with appropriate 
air pollution controls) is the most preferred method for 
destruction of these items. 

The materials suitable for recycling or recovery and the 
methods used for such operations must be evaluated both 
economically and technologically. Since the economics of 
recycling or recovery processes is highly impacted by the 
technology applied, the technological evaluation must first be 
done. 

The remainder of this discussion, therefore, will be concerned 
with the present technology in recycle/recovery processes 
related to the wastes at NOS. 

Recovery/Recycling Processes For Explosives and Explosive 
wastes 

washout Plant. Steam-out and wash-out facilities to recover 
both explosives and metal casings were in operation during 
World War II. Indications are that wash-out operations may 
have existed as far back as the 1920's. Other processes for 
recovery of explosives from outdated explosive munitions were 
developed in the 1960's as a side development of the Washout 
Plant used for removing explosive from bombs. This process 
resulted in pelletized explosives, which did not meet original 
specifications due to water contamination. However, the 
pelletized explosives were suitable for low grade industrial 
use (for mining operations, for example) and were sold at low 
prices for such use. Since this process resulted in a partial 
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utilization of waste material, it would be classified as a 
"recovery" process. Major disadvantages of the process 
included production of large quantities of contaminated water 
and high energy requirements for the process. 

Microwave Meltout. During the period""of 1978 to 1981, the use 
of microwave energy for melting explosives out of bombs and 
drying water contaminated explosives was investigated by the 
Ammunition Equipment Office, Tooele Army Depot, Tooele, Utah. 
The microwave meltout process was proposed as an alternative to 
the washout plant, with direct benefits including elimination 
of requirements for process water (and associated water 
treatment) and elimination of water contamination of the 
explosive, thus allowiri~ the explosive to be directly recycled 
into new munitions. Due to the total elimination of water 
heating and treating requirements, the equivalent energy 
requirement per bomb was approximately 3% of the washout plant 
unit energy cost. 

The microwave meltout process was tested for Minol II and 
Tritonal with good results, and with COMP B with less desirable 
results. The process has not been completely developed, 
however, and requires extensive work to become viable. In 
addition, the effect of microwave energy of different types of 
material varies greatly, and each individual propellant or 
explosive must be tested for acceptability and to determine 
procedures for energy application. 

Microwave drying of explosives was also tried on several 
different types of explosives and tests showed good potentials. 
However, the application of this technology does not appear to 
be of use at NOS. 

Explosive recovery by solvent extraction washout. Extensive 
research is currently being accomplished by the Navy and the 
Air Force, especially for PBX explosives, using explosive 
recovery by solvent extraction. Prominent solvent work on PBX 
explosives has been accomplished by Dr. Albert Tompa of the 
Naval Surface Weapons Center, attached to NOS. Dr. Tompa has 
authored many papers on this subject during the past ten years, 
and is probably the foremost expert currently working in the 
area. Naval Weapons Center has been investigating solvent 
extraction of the binders in AFX and PBX explosives for the 
past two years. That work consisted of using inert materials 
with the AFX and PBX binders. Those investigations have 
developed a basic understanding of the mechanism as to how 
solvents are taken into the matrix of the sample and 
quantitative methods for evaluating the physical strength of 
the simulants after exposure to the solvent. The efforts 
proposed in recent Air Force solicitations are follow-ons to 
the efforts sponsored by the Navy. Additionally, considerable 
work has been done, and is currently in progress at NOS, on 
degraining operations using a cavitating water jet. This work 
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is under the direction of Mr. Boyd Shaffer, and has processed 
over 1000 items to date, including Sparrow warheads, torpedo 
warheads, and rocket catapult motors. 

Metal Parts Scrap Recovery. Both the Army and the Navy have 
been demilitarizing 11'P account materials such as outdated or 
otherwise unserviceable small arms ammunition for some time. 
This work, primarily done with the Army's APE 1236 furnace and 
the Navy counterpart, results in recovery of brass for sale as 
scrap. Many of the existing facilities also recover lead for 
resale. More recent development includes the upgraded 
Explosive waste Incinerator (EWI) which may be used for 
incineration of bulk powder with a positive Feed System (PFS) 
(no scrap value). The EWI system includes air pollution 
control equipment which is 99% + efficient for particulate 
removal and with minor modifications, could control gaseous 
emissions also. 

Another system which provides a high potential for metal parts 
recovery is the Contaminated Waste Processor (CWP) developed 
recently by the Army. This system may be used for bulk item 
flashing, allowing resale of the metal parts. The CWP may also 
be used for processing of contaminated waste by either batch 
loading or continuous feed (via shredder). Potential use 
includes waste oils, solvents, and other materials which 
normally present environmental problems when disposed of by 
other methods. In fact, the present design of the CWP would 
handle approximately 40% of all the wastes to be disposed of or 
processed at NOS. 

Energy and Heat Recovery. The definition of "recovery" 
includes the reclamation of heating values from waste products. 
The BTU value of propellant and explosive waste is naturally 
quite high, and in some cases, may allow for self sustenance of 
the process which is being used to destroy the propellant or 
explosives. For example, tests performed at Tooele Army Depot, 
by the Ammunition Equipment Office, showed that once bulk 
explosive burning was initiated in the APE 1236 test furnace, 
the burner flame could be turned off entirely. Complete burner 
shutdown, of course, is not recommended, but fuel useage can 
certainly be reduced to a minimum. 

The value of heat recovery from waste products, since the heat 
is difficult to store, is limited by the potential for 
immediate use; thus the primary value is in using the recovered 
heat for accomplishing portions of the process work or for 
supplemental building heat. 

Energy recovery is a high possibility with explosive and 
propellant materials also. For example, many types of 
propellants and explosives may be mixed with fuel oil and used 
for process heating. Waste solvents may be used for 
supplemental fuel input. For example, Army tests have shown 
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potential for using a mixture of TNT and toluene as fuel for a 
turbine driven generator. Thia technology may be especially 
viable if developments in solvent extraction are successful, 
where the contaminated solvent may be used for fuel. 

Recent developments in private industry in the area of 
specialized burners using pulverized coal for fuel may be 
potential for burning raw explosive or propellants; however, 
extensive research would have to be done in order to apply this 
technology at NOS. 

Recycle/Recovery Problem Areas and Technical Uncertainties. 
The Hazardous Waste Regulations are relatively new. As 
previously discussed, the philosophy of these regulations was 
to foster recycling or recovery operations as opposed to 
disposal. This was done by making it more difficult to 
"dispose" of wastes. However, prior to promulgation of these 
regulations, it was much easier to dispose of wastes. As a 
result, on an economical basis, recycle/recovery technology 
development was not begun until the HW regulations went into 
effect, and is still in the "infancy" stage except for the 
simpler "metal" recovery operations. 

Most of the development in the area of explosive/ propellant 
recycle/recovery has been with explosives. Although most of 
the processes discussed would appear to be applicable (in fact, 
easier) with propellants, this needs to be verified by 
research. 

Another problem exists in the area of explosive/propellant 
recycling. Because of the limited test work done in this area, 
users are not comfortable with the quality of the recycled 
materials for use in production of new items. Many are 
reluctant to chance the possibility of their products failing 
due to substandard explosive or propellant fill, regardless of 
test data showing that the recycled material to be as good or 
better than new material. 

Summary. The primary potentials for recylcing or recovery 
operations at NOS are in the areas of metal parts salvage and 
heat recovery. The former, however, appears to be limited by 
the quantities of metal wastes listed. 

Other applicable recycle/recovery technologies do not appear to 
be developed to a useable level at this point in time. In 
addition, the reluctance of manufacturers to utilize recycled 
explosive or propellants reduces the sale potential of the 
material. Although many of these processes have future 
potential, they would not be recommended at this time for use 
at NOS. 

Heat recovery and metal parts recovery would be the highest 
potential if an EWI and/or a CWP were installed. An added 
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benefit to these systems is that, if both were installed, the 
majority of ihe NOS wastes could be processed by these two 
systems alone. 

Thermal Processing. Thermal processing includes the use of 
several process types and several equipment configurations. 
The acceptable thermal processes must include control of 
emissions to the environment. Several of these proceses are 
discussed briefly below. 

wet Air Oxidation Systems. A wet air oxidation system (WAO) is 
presently installed and nearly operational at NOS. Wet air 
oxidation is an adaption of a commercial process for the 
"under-water combustion" of concentrated aqueous organic 
wastes. In a WAO process, waste is injected into a water 
filled pressure vessel reactor at 150 to 2000 psi and about 
200°C along with sufficient high pressure air to effect the 
oxidation of waste. The oxidation rate in the reactor is 
enough to sustain the temperature in the vessel. The oxidation 
products, consisting of gaseous and liquid materials, nitrogen 
from the compressed air and a minor quantity of ash, are cooled 
by the feed stream (and the feed stream is preheated) in a heat 
exchanger. The gaseous products are treated by an afterburner 
to destroy CO and residue hydrocarbons. A wet scrubber is useq 
to remove NOx • The liquid products are further processed 
to remove acidity and metallic salts and the purified water 
recycled to the slurry-preparator stage. WAO operations have 
been proven for many organic wastes, such as sewage sludge; 
however, applications on explosives are not proven, although 
units have been tested at low rates (70 to 200 lbs/hr of 
propellant) by both zimpro and Barber-Coleman with some 
success. A detailed description of the WAO system is included 
elsewhere. 

Fluid Bed Incinerators. The fluid bed principle was first 
devoted for catalytic cracking in the oil industry in 1942. 
Since that time interest in this unique principle has resulted 
in the development of the technique for a wide variety of 
industrial applications. 

A fluid bed incinerator (FBI) utilizes granular materials, 
sometimes with catylists added, to maximize the oxidation of 
materials passed through the bed. A fluidized bed system is 
~urrently planned for NOS but is not fully installed. 

An FBI consists of a large, refractory lined vessel with an air 
distribution member or plate in the bottom, a hot gas outlet in 
or near the top and some provisions for introducing fuel. The 
actual fluidized bed is formed by blowing air up through a 
layer of inert particles at rate that causes the particles to 
go into suspension and continuous motion - analogous to a 
boiling liquid but with solid particles; therefore, the term 
"fluid bed". It should be noted that the media used in the 
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burner remains as a granular solid. The material to be used as 
a·fuel is introduced into the preheated bed, either from the 
top or by pneumatic injection into the fluidized bed. Material 
may also be fed into the bed as a slurry. 

The primary function of the air-fluidized inert bed materials 
are to promote disperson of incoming solid-fuel particles, heat 
them rapidly to ignition temperature, prevent surface ash 
buildup, and promote sufficient residence time for their 
complete combustion within the combustor. Secondary functions 
include the uniform heating of air and the generation of 
favorable conditions for· residue removal. 

Some advantages of FBI systems are as follows: 

1. The rate of pyrolysis of the solid material is 
increased by direct contact with the hot inert bed 
material. 

2. The charred surface of the burning solid material is 
continuously abraded by the bed material, enhancing 
the rate of new char formation and the rate of char 
oxidation. 

3. Gases in the bed are continuously mixed by the bed 
material, thus improving the flow of gases to and from 
the burning solid surface and enhancing the 
completeness and rate of gas-phase combustion 
reactions. 

One of the main selling features for the FBI is that NOx 
emissions are low due to the use of an NOx decomposition 
catalyst (nickel oxide) and stage combustion. The bed is 
fluidized with less than the stoichiometric amount of air so 
that the burns are in under-oxidized conditions and yield a 
fuel-rich combustion gas with a high amount of NO x • Under 
such reducing conditions and in the presence of the catalyst, 
NOx is reduced to elemental nitrogen. Additional air is 
injected high up in the bed, above the NOx reduction zone, 
where the remaining fuel value of the effluent or gases is 
burned at a temperature low enough that little new NOx is 
found. 

The FBI system, when used with explosives, also has a number of 
disadvantages. One major problem is in the generation of "bed 
lockup," or immobilization of the bed materials due to 
formation and conglomeration of salts or other materials. A 
detailed description of fluidized bed incinerators is included 
elsewhere. 
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Contaminated Wastes Processor. The contaminated waste 
processor (CWP) is a car bottom type furnace that is used to 
incinerate or flash a variety of contaminated wastes. These 
wastes, which are contaminated with either. explosive or toxic 
residues consist of items such as rags, gloves, pallets, 
storage containers, piping, machinery, etc. Large items are 
loaded directly onto the car bottom and inserted into the 
furnace. Other materials are fed into a shredder and then into 
the furnace through an. overhead feed hopper. 

The CWP can be operated in either batch or continuous mode. In 
batch mode, waste materials are placed in baskets, which are 
then placed on the car bottom for loading. An overhead trolley 
system rotates the baskets into cooling and loading positions. 
Continuous operation is provided by using the shredder and 
overhead hopper discussed above. 

The air pollution control system on the CWP consists of a gas 
to gas heat exchanger, cyclone fabric baghouse and controllable 
exhaust fan for maintaining a negative pressure in the system. 

Explosive waste Incinerator (EWI). The EWI is an APE 1236 
Rotary Kiln deactivation furnace (DF) with a modified air 
pollution control and a modified feed system. The furnace is a 
steel rotary kiln approximately 30 feet long and four feet in 
diameter. The main body is composed of four 60" sections 
bolted end to end. The two inner section are 3-1/4 inches 
thick and the outer sections are 2-1/4 inches thick. The 
sections are ~ast with integral spiral flights that act like a . 
screw conveyor in moving materials through the unit as the kiln 
rotates. An oil or gas fired burner in the discharge end of 
the tube provides a flame and hot flue gases which seep through 
the tube and eventually through the APCS equipment. The 
temperature near the burner is about 1200 F, about 600-900 F in 
the middle section and about 400-500 F in the stack prior to 
the afterburner. 

As the items being processed are carried through the tube by 
the spiral flight, the explosives they contain deflagrate or 
detonate as they reach their initiation temperatures. After 
the items have been incinerated the ashes and residue are 
discharged onto another conveyor which carries the now inert 
metal parts to a scrap collection bin. 

The quantity of detonation explosive allowed to be fed was 
normally limited to 600 grains per item. However, the furnace 
is capable of burning 5 pound chunks of TNT and has burned up 
to 10 pound chunks of rocket propellant in bags. 

The fuel consumption of the APE 1236 is estimated to be around 
9 to 21 gallons per hour, depending upon the work rate. 
Attached to the 1236 Deact furnace is an afterburner, cyclone 
gas cooler and baghouse which cleans all the effluent and 
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composes the complete EWI system. Several of these systems are 
installed and working at the present time. Also, the APE 1236 
rotary kiln, which is the basis of the EWI, has been in 
operation (without the positive Feed System or Afterburner 
included in the EWI) for many years at over 20 locations. A 
detailed description of the EWI System is included in the 
Appendix. 

Miscellaneous Thermal Processes. The following thermal 
processes are included for informational and background 
purposes. 

Closed Pit Incinerator. The closed pit incinerator is 
essentially open burning within a closed room. Several hundred 
pounds of waste bulk PEP are stacked on the floor inside a 
modified explosives storage igloo and ignited. An air blower 
provides more than enough air for the stoichiometric combustion 
and the combustion gases and excess air exit through the 
modified roof of the igloo. The modified roof vent is ·a sand 
bed supported on a truss and screen. 

The disadvantages involved are the cleanup of the ash residue 
required and the sand filter will have to be changed. 

Batch Box Incinerator. A batch box incinerator is basically an 
oil-fired trash incinerator with overfire air. It has been 
adapted for handling small PEP contamihated dunnage. The 
dunnage is charged batch wise through side doors and small PEP 
items are fed into the flame via a steep entry chute. Exhaust 
effluent travels through an afterburner and a marble bed wet 
scrubber prior to venting to the atmosphere. 

Air Curtain Incinerators. An·air curtain incinerator is an 
open pit incinerator. A "curtain" of air is blown over the top 
of the pit and down into the far side of it from an air blower 
on the ground above. The excess air is used to complete 
combustion of the carbon in the smoke and to reduce emissions. 

Preprocessing Requirements. 

General. All of the viable thermal processes discussed above 
require pre-process preparation of some of the waste materials. 
The two major categories of pre-process preparation of waste 
items are size reduction and slurry preparation, with slurry 
preparation basically being an extension of size reduction 
operations. 

The EWI and CWP require limited size reduction only. The CWP 
facility incorporates a shredder which performs the necessary 
size reduction as part of the system. Size reduction 
requirements for these systems are necessary only to allow 
materials to enter the system, or, in the case of the EWI 

X-15 



applications, to limit the destructive potential heat 
release/volume, and emissions generated by the explosive or 
propellant items. 

The WAO and FBI systems both require slurry preparation, which 
significantly increases the preparatory work and also limits 
their capabilities in providing destruction of many types of 
wastes. 

Size Reduction 

General. The waste stream feeding the disposal facility is 
composed of many materials of various shapes and sizes, as 
shown in Table X-3 of this study. This materials list, 
including annual quantities generated, was rec~ived recently 
from the NOS, with a latest revision date of 8-23-83; 
consequently it should represent the most current data 
available. 

The maximum size to which material must be reduced by the SRF 
is dependent upon which disposal option is selected. If an 
option is selected which requires slurry preparation, the 
existing PDF slurry preparation system will be used. This 
system can receive material with a maximum dimension of 13"; 
consequently all incoming material exceeding this size must 
first be processed through the SRF, and reduced to this size. 
Based upon the waste generation table, this amounts to about 
534,000 lb. of propellant materials, annually, which must be 
size reduced. 

If a disposal option is se1ected which utilizes an EWI, the EWI 
feed materials must be reduced in physical size not to exceed 
5" x 5" x 10". Again, from the waste generation table, this 
amounts to about 624,000 lb. of propellant materials, annually, 
which must be size reduced. 

Based upon the above, it is obvious that the EWI requires 
smaller size feed materials than is required to feed the slurry 
production process. In option 1, no slurry production is 
required, and all large materials must be reduced to the 5" x 
5" x 10" size. In options 2 and 3, utilizing both the EWI and 
the slurry-feed systems, part of the feed material must be 
size-reduced to the 13" dimension and part must be reduced to 
5" x 5" x 10". In options 2 and 3, it is impossible to predict 
with any accuracy, the expected split of material flow through 
the various systems. We believe, however, that for options 2 
and 3, there could be periods of processing time wherein all 
disposal materials are handled by the EWI. Further, with these 
options, it is unlikely that periods of processing time will 
occur in which all materials are handled in slurry form. 

Based on the above rationale, we believe that SRF should be 
designed with an identical throughput, regardless of the option 
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with which it is to be used, and further, that it should be 
designed to meet the EWI size requirement of 5" x 5" x 10", 
which is the worst case, i.e., smallest size. 

Consistent with the above discussion, the SRF details which 
follow are based upon the following assumptions: 

1. The SRFproposed is applicable to all options. 

2. All material processed will be reduced to 5" x 5" x 
10" dimensions. 

3. The total annual quantity of materials to be size 
reduced is approximately 624,000 lb. 

It should be explicitly understood that the size reduction 
facility described in the following section is a very 
preliminary concept which utilizes what we believe to be 
feasible approaches, and is provided as required by the 
definition of this task, namely, modifications to achieve 100% 
disposal. 

Other approaches doubtlessly exist which mayor may not be 
superior to those proposed, but it is beyond the scope of this 
analysis to perform any detailed comparisons. Due to the 
relatively large scope of a SRF project, we believe that design 
should be preceded by a thorough study phase which will define 
the type of equipment to be used, and the costs. This study 
phase should include bench testing and piloting work. 

Size Reduction 

Chunk Materials. The materials requiring size reduction are 
further tabulated earlier in this section under "Waste Stream 
Definition," as items 5, 6, 7, and 8. This listing contains 
some 22 line items which are denoted "W/SR". 

These 22 line items can be divided into two categories, namely 
those items in chunk form and those items which are grains. 
The chunk materials comprise some 9 items and annual production 
is about 126,000 pounds. 

Since thes~ items are irregular in shape and non-uniform in 
size, making them difficult to grip, we propose to size reduce 
these items in a knife grinder. This type of grinder has been 
successfully used in a number of propellant size reduction 
applications at NOS, Radford AAP, and at the Western Demil 
Facility, Hawthorne, Nevada. 

The grinder proposed will have a capacity of about 1,000 
lb./hr. and will receive the chunk materials from a storage 
hopper in sizes for which the maximum ,dimension would be around 
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30", although most of the feed will be in much smaller chunks. 
The grinder will reduce the feed material to approximately 5" 
cubes. 

This will be a wet operation, with just enough water supplied 
by spray, to prevent initiation of the energetic material. A 
tank beneath the grinder will be used to capture the spray 
water and recirculate it. The water will be monitored for 
dissolved propellant constituents, and periodically will be 
discharged to the water treatment facility, and fresh spray 
water added. The water treatment facility will be either the 
existing facility (modified to treat this material) or a new 
smaller facility dedicated to handle this material. 

The sized materials will be collected from beneath the grinder 
on an appropriate inclined conveyor, such as a chain mesh belt, 
and discharged into convenient-size storage/handling 
receptacle. The receptacle will be used to transfer the 
prepared materials to either storage or to the next process 
step (EWI or slurry preparation). An option available at this 
step is to consider transfer by conveyor rather than by 
receptacle. 

A practical production rate for this operation will be about 
6,000 lb. per shift. If this material is considered Class I, 
Division I material with a QD weight limitation of about 4,000 
lb., and the 6,000 lb. would be run in two batches of 3,000 lb. 
each which is practical for a one shift operation. Based on 
the quantity of this type of material generated, the processing 
time required annually would be about 21 days. 

Small Grains. Of the propellant wastes in grain form, 7 of 
these are 5" in diameter or less. We propose to size reduce 
these items by use of a wire cutter type, automatically-fed 
machine. Annual waste production in this category is about 
163,000 lb. 

The machine proposed will sever the grain normal to its axis by 
drawing a wire through it. This concept has been successfully 
used in other propellant cutting applications on large grains; 
however, considerable investigation and testing will be 
required to prove its applicability to the specific materials 
to be processed. 

We proposed a machine with a manually-loaded magazine with a 
capacity of about 1,500 lb. Using two identical machines, and 
two runs per shift, production will be 6,000 lb per day. Size 
reduced materials will be collected in receptacles similar to 
those proposed for the chunk materials above, and will be 
delivered to the subsequent operation. Based upon the 163,000 
lbs. in this category, annual production time will be about 28 
days, using two machines. 
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Mediu~ Grains. We propose to place grains in the 10" to 12" 
diameter range in this category and propose to size-reduce 
these items by using a wire-cutter type machine, similar to 
that described for the small grains. We believe that a machine 
dedicated to this size of grain is indicated, and so propose. 
This machine will use a manually filled magazine feed, and the 
severing operation will be automatic. The grains will be cut 
normal to their axis into 5" long sections. These sections 
will be conveyed to the grinder described for the chunk 
materials, above, for further size reduction down to the 
required 5" cube size. 

This category contains 3 line items totalling about 30,000 lb. 
Based upon an estimated cutting production rate of 6,000 . 
lb/shift using 1 machine, annual time required to size reduce 
this material (including both cutting and grinding) will be 
about 10 days. 

Large Grains. Grains in this category are 14" to 18" in 
diameter, and we propose to sever these by use of a machine 
similar to that described above for the medium and small 
grains, but sized for the longer items. 

Items will be cut into 5" long sections and conveyed to the 
grinder for further size reduction down to the required 5" cube 
dimensions. 

The cutting machine will be automatic, magazine-fed equipment. 
The magazine will be manually loaded prior to each un-manned 
operational run. 

Based upon the 284,000 lb. of propellant in this category (2 
line items) two identical machines will be required to achieve 
a daily production rate of 4,000 lb. assuming a single shift 
operation. We believe that 4,000 lb. is a practical daily 
workload since these grains are fairly large and more difficult 
to handle than most of the other grains. 

Time required for size reduction (using two machines) for this 
waste category will be about 71 days, not including the 
grinding operation. The grinding operation, using a daily 
production rate of 6,000 lb/day, will require an additional 47 
days, yielding at total production time requirement for this 
category of 118 days, annually. 

Talos Grains. These are the largest diameter grains to be size 
reduced, and annual production is 20,000 lb. 

We propose to sever this item using a single wire-cutter 
machine of the type previously described for the other grains. 
The item will be severed normal to its axis into 5" long 
sections, and these pieces will be conveyed to the grinder for 
further size reduction to the required dimension. Only·' item 
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will be sectioned per set-up, with a daily production rate of 2 
items. Based upon the total quantity of 20,000 lb in this 
category, production time will be about 3 days, annually, 
exclusive of grinding time. Grinding time will add an 
additional 3 days, based on the grinder production rate of 
6,000 lb. per day, yielding a total annual processing time of 6 
days, for the Talos wastes. 

Summary 

A size-reduction facility is proposed which used either ·(a) a 
grinder, (b) wire-cutter machines, or (c) a combination of (a) 
and (b), to section the total annual production of 624,000 lb. 
to the 5" cube size. This facility features un-manned remotely 
operated equipment (during hazardous operation such as cutting 
and grinding) which will provide good personnel safety. 
Maximum use is made of wire-cutter type equipment for 
sectioning propellant grains, which significantly reduces the 
generation of propellant chips/fines. 

The following tabulation summarizes processing of the various 
wastes at the SRF: 

Category 

Chunk Material 

Small Grains 
« 5" diam.) 

Medium Grains 
(10"-12" diam.) 

Large Grains 
( 1 4 " - 1 8" d i am. ) 

Talos 

TOTALS. 

Wt.-Lb. Annual 

126,000 

163,600 

29,000 

284,200 

20,000 

623,600 

Process 
Description 

Grinder 

Wire Cutter (2) 

Wire Cutter ( 1 ) 
Plus Grinder 

Wire Cutter ( 2 ) 
Plus Grinder 

Wire Cutter ( 1 ) 
Plus Grinder 

Days Required 
Annually 

21 

28 

1O 

118 

6 

183/yr. 

The above tabulation shows that the proposed SRF facility can 
easily accomplish the required annual workload using single 
shift operation with a cushion of about 80 workdays per year, 
that can be used for maintenance and other downtime. 

It should be pointed out that although the SRF is designed to 
be a part of the on-station disposal plan, it can be used with 
equal effectiveness to size-reduce items for packaging and 
off-site disposal. Off-site disposal details are discussed in 
a subsequent section of this study. 
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Slurry Preparation 

The existing slurry system, with modifications recommended 
elsewhere in this evaluation, will be used for slurry 
preparation. 

E. Comparison of Thermal Destruction vs. Other Candidates 

Thermal destruction has been used reliably for the 
destruction of hazardous explosive wastes. As technology 
for incineration of these material improve, a ban on open 
burning of explosive wastes looks more likely. Thermal 
treatment, in many cases, can accomplish safe destruction 
of hazardous explosive propellant wastes, permanently 
reducing large volumes of waste materials to non-toxic 
gaseous emissions and small amounts of ash and other 
residues, such as scrap metal. Incineration can provide a 
permanent solution to hazardous wastes with minimal 
long-term ecological burden. 

The CFR 40 regulations specifically ban landfill of 
explosive wastes. The most viable candidate option other 
than thermal destruction is therefore to recycle and 
recover the wastes. Unfortunately, the present methods for 
recyclying and recovery are not entirely proven and 
developed. 

In conclusion, thermal destruction is the preferred method 
for disposal of PEP wastes. 

Comparison of Thermal Processes. 

General. In addressing the task of formulating plans for 
disposal of 100% of the NOS PEP wastes, we have compiled a 
listing of candidate processes as discussed earlier in this 
section. The various processes have been defined and their 
operational characteristics described in some detail. The 
purpose of this part is to compare the thermal processes listed 
to each other and to highlight their advantages and 
disadvantages. The processes compared herein are: 

(1) WAO 
(2) FBI 
(3) EWI 
(4) CWP 

Table X-2 is a tabulated summary comparing the four candidates. 
Open burning, although technically a thermal process is not 
discussed in this section but is covered elsewhere in this 
evaluation. 
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Wet Air Oxidation. The existing NOS WAO system was 
evaluated under Section VI of this report and 
modifications were proposed. The summary of these tasks 
showed that the system is currently marginally 
operational, with fairly extensive modifications 
recommended prior to putting it on line using live PEP 
materials. 

The fact that this system is mostly installed and is 
fairly close to being operational, is probably the most 
important advantage of the NOS WAO facility, when compared 
to the other three candidates, since there is not an EWI 
or CWP presently on station and since the FBI would 
require considerable additional work to become 
operational. As shown in Section VI, we believe the 
current status of the FBI is such that we are recommending 
against completion of the system, as least for the 
present. 

Consequently, a consideration of all candidates shows the 
WAO it be the most nearly operable system. This analysis 
applies only to the Zimpro-supplied portion of the WAO 
system. The use of the system, however, is dependent upon 
proper support from several other portions of the PDF 
which are currently fraught with design problems. 
Prominent among these are the slurry preparation process 
and water treatment facility. These support systems are 
evaluated elsewhere within this study and their current 
status and impact must be considered when making the 
overall appraisal of each thermal process candidate. 
Present best judgment is that the water treatment facility 
will probably be made operational but the slurry 
preparation system is questionable for a reasonable cost. 
We believe that the highly questionable status of the 
slurry preparation system (upon which the WAO depends) 
strongly tempers any advantage that the WAO proces may 
enjoy due to its "nearly operational" condition. 

The WAO can rate only average in regard to whether or not 
the process is proven technology for PEP disposal. To 
date, only pilot test work has been done with live 
materials, and although these have shown good feasibility, 
no production work has ever been accomplished. 

In a related area, we believe that development of the 
full~scale WAO system at the NOS is very desirable from 
from the viewpoint that it will serve to advance the 
state-of-the-art in PEP disposal. It will provide 
important information on a new technology, and since this 
was one of the original objectives of the project at its 
inception in the early 70's, this is judged to be a good 
reason for favoring completion of the NOS WAO unit. 
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The WAO process is judged to be comparable to the other 
thermal processes in regard to air/water pollution 
aspects. All candidate systems will meet Federal, State 
and local standards. . 

Based on information available to us regarding types and 
quantities of PEP wastes generated on station, the WAO 
will be able to handle roughly 2% of the total wastes, 
without an additional size reduction facility (SRF), and 
25% of this workload with the additional SRF. Performance 
of each of the other three thermal processes will exceed 
the WAO percentages with and without an SRF, as described 
later. This indicates that the other processes are all 
more well suited to the specific NOS wastes than the WAO 
unit. 

A comp~rison of the four thermal disposal systems based on 
cost per pound of waste processed would be a valuable 
evaluation tool~ however, accurate data is difficult to 
obtain, due to either a lack of information or the 
existence of conflictin~ information. Also, cost data 
based on actual productlon operations on PEP materials is 
non-existent for the WAO and F·Bl processes since they have 
never been run on a production basis. 

The only theoretical cost comparison for a PEP WAO system 
found by us, is contained in the NOS Report #lHMR72-185 
dated 15 June, 1972, entitled "Propellant Disposal 
Facility Phase I Summary Report," and which compiles 
system costs which include all capital equipment and 
operating expenditures. This document estimates WAO 
processing costs at about $41/ton compared to incineration 
costs of about $22/ton. 

Based upon this published cost data, it can be concluded 
that the WAO system does not compare favorably with the 
other thermal systems, using an expenditure per unit of 
throughput as a baseline. Similar comparisons of the 
other thermal processes are detailed in later paragraphs 
of this section. 

The NOS WAO system is not a versatile process for PEP 
disposal. There are other uses for the WAO process such as 
film destruction and sludge processing. These are 
discussed under Section XIII of this evaluation~ however, 
the versatility rating discussed herein applied only to 
PEP wastes. It is intended for use in processing single 
and double base propellants, almost exclusively, and 
cannot be used for most composite propellants or 
propellants containing fluorocarbon materials, due to 
excessive corrosion rates. A few of the composite 
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propellants can be run in the WAO system by special 
operating procedures but even these do cause accelerated 
corrosion rates. 

In regard to maintenance considerations, we judge the WAO 
system to rate considerably better than the FBI, slightly 
better than the CWP, and about equal to the EWI. 

The operation of the WAO will require highly skilled 
chemical plant personnel for both operation and 
maintenance, and should be about equal to the FBI in this 
regard. The other thermal systems considered do not 
require highly qualified (or specialized) personnel, but 
rather can be run by munitions handlers supplemented with 
other labor type workers. The vvAO process will require 
close attention to process controllers and monitoring, and 
malfunctions/process upsets can develop into hazardous and 
costly problems, these being among the major reasons for 
the need of high level operator skills. Both the FBI and 
WAO systems are relatively unforgiving of mistakes, 
whereas the EWI and CWP systems can hardly be made to 
malfunction in a manner that is costly or hazardous, as 
proved by much operating experience. 

The energy efficiency of the WAO process is judged to be 
considerably better than the fluidized bed and slightly 
better than the EWI. No energy efficiency comparison was 
made for the CWP. The above conclusions are based in part 
upon a report published by the Ammunition Equipment Office 
Tooele Army Depot, Utah, dated 24 May 1978 and entitled 
"Comparison of Fluidized Bed Incinerators and APE 1236 
Deactivation Furnace for Disposal of Explosive Munitions 
and Explosive Wastes." This document shows energy 
consumption for an FBI to be in the range of 3~ to 5~ per 
pound of processed material and to be about 1-1/2~ per 
pound for the EWI. The WAO process is self-sustaining, 
from a fuel standpoint, after it has been brought up to 
temperature by use of steam heat, and consequently uses no 
fuel except for the afterburner. The remainder of the 
energy required to operate the system is electrical power, 
estimated at around 225 KWH, which equates to slightly 
under 1-1/2~ per pound of processed material, using the 
same power costs as used in the Army paper. 

Advocates of the WAO process feel that it has definite 
safety advantages over other disposal systems. One such 
argument advanced is that disposal is accomplished at much 
lower temperatures than that required for other 
conventional thermal processes. 

WAO processing temperatures for PEP materials is expected 
to be approximately 650°F maximum, which is considerably 
lower than that reached in conventional thermal processes 
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which typically operate around 1200°F with peaks in the. 
1800°F range. Although the lower WAO operating 
temperatures do represent some safety advantages, it is 
attained at the sacrifice of safe operating pressures. 
The WAO pressures are in the 800 psig to 2400 psig range 
as compared to nearly atmospheric pressure for the other 
processes. In our judgment, from a safety viewpoint, the 
pressure/ te~perature considerations of the processes 
result in tradeoffs which nearly balance their evaluation, 
and in fact we favor the lower pressure processes used in 
conventional thermal demil. 

Advocates of the WAO also claim better safety because the 
feed stream is in slurry form and the slurry is prepared 
such that it is considered non-detonable. This is 
presented as an advantage over other thermal processes in 
which PEP solids are fed directly to the processor/ 
incinerator. 

The overall safety benefit claimed due to the use of a 
slurry feed stream is also questionable in our judgment. 
It is not in question that a properly prepared slurry is 
safer than solid PEP materials; however, it is difficult 
to ensure maintenance of that safety throughout a 
piping/pumping system where plating may be caused by 
constrictions and/or low velocity cross sections. Slurry 
systems have been known to accumulate solids at localized 
points to the extent that these areas become potential 
bombs awaiting accidental initiation. There have been a 
number of incidents of this type in slurry systems. One 
such instance occurred in a WAO pilot test by the 
Barber-Coleman Company and caused over $10,000 damage to 
pumps and equipment. Perhaps the major safety problem 
with the slurry systems is that they are closed and 
inspection is difficult. Solids accumulation can occur 
over a long period of time and no one is aware of the 
growing hazard. 

Another problem associated with PEP slurry handling 
systems is that of maintaining the flowing slurry at the 
proper liquid-to-solids ratio. This problem is related to 
the previously noted hazards of solids accumulation. 
Documented tests have proved PEP slurries to be 
non-detonable and non-propagating when properly prepared 
and maintained. However, in extensive slurry systems it is 
difficult to assure that all the slurry is properly 
maintained. It is common practice to monitor slurry 
condition using density meters installed at various points 
in the system, and these do work satisfactorily; however, 
the probability is high that some areas escapes detection 
and at times, contain improperly proportioned materials. 
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The overall visibility of the WAO process is low during 
operations, since it is a remotely run system, and since 
remote monitoring is considered minimal, as described in 
Section VI of this evaluation. 

Operator contact with the operation is better in the EWI 
and CWP thermal processes. For this reason, and those 
reasons discussed above, relating to PEP slurry, we view 
overall safety of the WAO process to be about equal to the 
FBI systems, and to be inferior when compared to the EWI 
and CWP. 

Fluidized Bed Incinerator. The existing NOS FBI system 
was briefly evaluated under Section VI of this report. 
Our analysis was curtailed by our initial findings which 
showed that there is low confidence that the system can be 
made operational, based on the state-of-the-art of similar 
systems. These findings are reported elsewhere in this 
evaluation, with the recommendation that the system not be 
completed until technology catches up, which could be f~r 
into the future. In view of the above, the comparison of 
the FBI to other thermal systems has been abbreviated as 
reported herein. We have included an FBI rating for 
comparison purposes for the various categories as 
tabulated in Figure 1, but the written rationale for the 
ratings has not been made since the findings are rendered 
moot by the recommendation against using the FBI in any 
100% disposal plan. 

Explosive Waste Incinerator. The EWI system is described 
in detail earlier in this section and in the Appendix, and 
is highly recommended in the proposed options for 100% 
disposal of NOS wastes. The various areas of comparison 
with the other thermal processes are detailed herein. 

The EWI is a standard system used by the Army and is part 
of the Ammunition Peculiar Equipment (APE) inventory. As 
such, it is currently available in regard to design, and 
the time required to field an operational system is that 
time required for purchase, installation, startup and 
shakedown. 

An EWI installation consisis of two major parts: the 
brick and mortar portion, and the equipment. An EWI 
fielded throught the Corps of Engineers (usual Army 
practice) would require 1-1/2 to 2 year to become 
operational. If handled by the private sector using Army 
drawings and specifications, and EWI could be completed in 
an estimated time of 8 to 10 months. 

The EWI is essentially a self-contained system with 
minimal external dependency. As it would be used at the 
NOS, the EWI would depend upon support from the Size 

X-26 

. I 
J 

\ 

. \ 

. ) 



/ 
. I 

. l 

Reduction Facility (SRF) to produce PEP materials in 
physical sizes that are compatible to the furnace retort 
and feed system. The EWI would require externally 
supplied utilities, as would all of the other proposed 
thermal systems. 

A slurry preparation system would not be required for the 
EWI. This is considered to be a major advantage for the 
EWI over the WAO and FBI. Another advantage enjoyed by 
the EWI when compared to the WAO and FBI is that the 
estimated water treatment capacity requirement is less. 

The EWI uses currently available technology and in fact, 
some 3 or 4 systems are presently installed and 
operational. Although some portions of the EWI use 
recently developed technology, the overall process is 
judged not to demonstrate a new PEP disposal process. 

In regard to pollution control, the EWI will meet all 
applicable regulatory standards and therefore is judged to 
be at least equal to the other three candidate thermal 
processes under consideration. This system fits the NOS 
disposal requirements very well. The EWI has a 
demonstrated track record of destruction of these types of 
PEP wastes, and would be able to handle all wastes which 
could be handled by the WAO and FBI, plus the explosives 
and end items, such as squibs, caps, CADS, PADS, etc. 

The brick and mortar portion of an EWI installation 
currently costs about $550,000. The equipment (installed) 
would cost an additional $500,000. 

Comparison costs for the EWI versus FBI systems were taken 
from a widely published Army document written by the 
Ammunition Equipment Office, Tooele, Army Depot, entitled 
"Comparison of Fluidized Bed Incinerators and APE 1236 
Deactivation Furnace for Disposal of Explosive Munitions 
and Explosive wastes," dated 24 May, 1978. This reference 
shows EWI disposal costs to be $.28/lb. compared to 
$1.40/lb. for a full-size FBI (such as the NOS unit). 
Cost data for a Picatinny Arsenal "low-cost fluidized bed 
incinerator" is also reported in this paper at $.23/lb. 
This low cost unit has an initial installed cost of about 
$600,000 which is considerably lo~er than the NOS unit. 
Also, to our knowledge, no such "low-cost" unit has ever 
gone into operation. Consequently, for cost comparison 
purposes we judge that the proper analysis will be based 
on the $.28/lb. versus $1.40/lb. costs, which shows the 
EWI to be slightly the more attractive of the two systems 
(considering equipment in place, noted on the following 
page). 
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Since most the NOS FBI is on hand and much of it is 
installed, the cost figures used in Figure 1 have been 
adjusted to consider this factor, and also to include 
remaining work required to field an operational FBI 
system. Cost rating factors in parenthesis in Table X-2 
are included for reference to compare- the several 
processes using a common baseline that assumes no 
expenditures as having already been made. 

No cost is currently available for comparing the FBI to 
the CWP. Such a comparison would have minimal importance, 
since the processes handle a totally different product and 
their capabilities have very little overlap. 

The EWI is a very versatile process as has been proven by 
many years of operation. Hundreds of different end item 
munitions and PEP materials have been processed through 
this equipment. Prior to the requirements for air 
pollution control, the system was known as the APE 1236 
deactivation furnace and there was some thirty of these 
installations around the world. The 1236 furnace became 
the EWI when pollution controls and modified feed systems 
were added. The EWI can handle cased items ranging from 
small-arms up to large boostered artillery fuzes, as well 
as explosives and propellants in bulk form. It has a 
reasonable capacity relative to physical size, having 
handled cubes of up to around 6" and cylindrical items 
(under 5" diameter) of up to around 16" in length. 

Although the EWI has not been used to process all specific 
NOS wastes proposed for it, past history indicates that 
there is good confidence that it can be used for most, if 
not all of these wastes. We recommend that a pre-design 
test program be conducted at an existingEWI using NOS 
materials to determine applicability. 

The EWI retort c'an handle detonations of explosive 
quantities of under 0.1 lb. with ease and can tolerate 
occasional detonations of up to about 1/4 lb. of HE, 
without damage. 

From a maintenance standpoint, the EWI rates as the best 
of the four thermal systems considered. The design is 
simple and rugged and uses very low complexity commercial 
crnnponents. Improvements and refinement of the hardware 
over the years has resulted in a low maintenance system 
considering both repairs and normal periodic maintenance. 

The EWI can be operated by a 3 or 4 man crew, depending 
upon the rate of feed required and the item unpackaging 
task, if any, at the feed station. The system does not 
require highly skilled operators. A normal crew consists 
of two ammo handlers and two laborers. The EWI is very 
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tolerant of operator error and does not require any 
frequent adjustments nor does it require close attention 
to operating parameters, since normal operating ranges of 
feeds, speeds, temperature and pressures are large. The 
important operational parameters are controlled 
automatically in the EWI which minimizes operator 
dependence • 

. In regard to efficiency, the EWI rates considerably better 
than the FBI, and not quite as good as the WAO. Details 
of how this comparison was made were discussed 
previously. 

The EWI rates about the same as the CWP in regard to 
safety, and considerably better than both the WAO and FBI, 
in our judgment. The safety of the EWI has been 
demonstrated by many years of operation representing 
thousands of tons of demilled material. ~his material has 
been in many different forms and has been run at a wide 
variety of locations by both government and private sector 
crews within CONUS and abroad. In our judgment, this past 
safety history is an important factor when rating the 
thermal processes, and particularly when comparing the EWI 
to the unproven (WAO and FBI) PEP disposal processes • 

The EWI is very forgiving of operator error and does not 
require high skill level personnel, as described earlier. 
This is a definite safety advantage. The explosive limits 
and feed rates for the EWI have been set up to ensure 
operator safety, and to our knowledge no serious operator 
injuries have ever occurred using an EWI operated in 
accordance with the proper SOP. 

Extensive testing has proven that detonating materials 
within the furnace barrel do not propagate between retort 
flights (the screw which moves material through the 
retort). Other live tests have shown that the retort 
provides operator safety for high order detonations of 
over 7 lbs. of H.E. (explosions of this size do, however, 
cause equipment damage). The operating SOP's are based 
upon the above tests and do assure a high degree of safety 
for the EWI in regard to accidental explosion hazards. 

In our judgme~t, the simplicity of the EWI is another 
safety advantage. The system is visible and 
straight-forward such that the operators easily understand 
the system and would intuitively know what actions/ 
operations are safe, even is SOP's were unavailable. 

Automatic control and interlocks-are built into the EWI to 
ensure safe operation in critical areas. These include 
automatic startup and shutdown, flame safety controls, 
high temperature shutdown and various other interlocks. 
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In summary, we rate the EWI very satisfactory, regarding 
safety. 

Contaminated W~ste Processor. The CWP is describea in 
detail earlier in this section and in the "Appendix. In 
our 100% disposal plan for NOS wastes, we have proposed 
using the CWP in all options. This is mainly due to the 
fact that the CWP will process wastes that cannot be 
handled by any of the other proposed processes. 

Due to the above, it is difficult to compare the CWP 
quantitatively against the other thermal processes. We 
have, however, rated the system to the extent possible in 
Table X-2. The weakness area of rating for the CWP is in 
category #7, "cost", wherein we have the data to compare 
costs, but these are the costs for processing a different 
category of waste than is processed by the other systems. 

Currently, there is no cWP at the NOS. To field an 
operational cwp through normal Government channels, to 
include advertisement, procurement, fabrication/ 
construction, installation and shakedown/start-up would 
require an estimated 2 years. By handling -this effort 
entir~ly through the private sector, an operational system 
could be fielded in about 1 year. Since the design is 
presently existing for the CWP, the entire technical data 
package and drawings would have to be obtained through 
appropriate Government channels to allow providing the 
system by private sector. 

The CWP has very little dependency upon external support 
systems. Specifically, the only external process need is 
electric power, and the site will require normal utility 
services such as heating, lights, water and sewer 
connections. In this regard, the CWP compares slightly 
better than the EWI, and much better than the WAO and FBI. 

The CWP uses current, proven demil/disposal technology and 
several systems are installed and operational. Although 
the system is of recent design, it cannot be considered as 
primarily serving to advance the state-of-the-art in ~EP 
disposal. CWP's currently being installed will no doubt 
serve to some extent as a test arena for working out minor 
deficiencies and hardware refinements, but the basic 
technology is existing. 

The CWP is judged to be comparable to the other thermal 
processes regarding air/water pollution apsects. All 
candidate systems will meet Federal, State and local 
standards. 
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Information made available to us shows that the NOS 
generates over 500,000 lb. of contaJllinated waste.s 
annually. This quantity is composed mainly of 
contaminated equipment and includes a lesser amount of 
contaminated production materials. The total constitutes 
(by weight) almost half of the NOS wastes. This makes the 
CWP a very attractive system to implement, since, of the 
four candidates, it will handle a large percentage of the 
total wastes, ranking just behind the EWI in suitability 
to NOS requirements. 

There are available two versions of the CWP designated the 
large unit (LU) and the small unit (SU). This equipment 
is detailed in the Appendix. All three disposal options 
proposed would use the LU version. Current estimated cost 
of the LU system is as follows: 

(a) Site - $600,000 
(b) Equipment (installed) - $770,000 

As previously noted, it is difficult to compare costs of 
this system with those of the other systems since the 
materials processed are different and there is little 
overlap. However, we have provided a rating for the CWP 
in Table X-2 

In regard to versatility, we judge the CWP to rate less 
than satisfactory, since it is only good for contaminated 
wastes. When compared to the other three systems, it rates 
approximately equal to the WAO and FBI, and inferior to 
the EWI. Despite its low versatility, the CWP is still 
highly recommended for use at the NOS, because it will 
process a large portion of the wastes generated, as 
previously detailed. 

Currently CWP's have not been in operation long enough to 
generate a useful history regarding maintenance. Rased on 
our knowledge of the system hardware and a review of the 
design, we judge that maintenance should rate at least 
satisfactory, and will be better than either the WAO or 
FBI, and slightly inferior to the EWI. 

The operating crew for a CWP is identical to that 
previously described for the EWI. Consequently, the skill 
level analysis described for the EWI will likewise apply 
for the CWP. 

In regard to energy usage, the CWP uses slightly more fuel 
than the EWI. Power consumption for the CWP is 
considerably more than the EWI. The overall energy 
efficiency of the CWP rates as considerably less than the 
WAO and EWI and about the same as the FBI. 
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The CWP is designed to ensure complete operator safety. 
Explosive quantities in process are quite small and are 
closely controlled by the SOP's which govern the materials 
to be processed. Accidental processing of a concentrated 
quantity of up to 1/2 lb. of H.E. and a resulting high 
order detonation can be safely tolerated by the CWP, 
regarding blast and fragmentation hazards. Areas occupied 
by operators are protected from explosion hazards, and 
SOP's control operator movement out of these areas; 

Overall, the CWP rates as good as the EWI, from a safety 
standpoint. 

F. System plan Development for 100% Disposal 

General 

The purpose for discussing and analyzing the wastes stream 
and candidate processes in the above sections was to 
provide adequate data for selection of the equipment 
necessary to accomplish 100% disposal of the wastes at 
NOS. Based on the available information, three options 
for accomplishing 100% disposal have been developed. Each 
of these options will accomplish the required task; 
however, there is a significant econo~ic difference 
between each option. 

Criteria for Development of Options 

The various options proposed for consideration must, as a 
minimum, conform to the following criteria: 

100% Disposal. Each system option must handle (as nearly 
as practical) 100% of the items now being open burned, as 
categorized into the following criteria: 

(a) Bulk items and items requiring additional size 
reduction. 

(b) End items which must be fed whole. 

(c) Liquid wastes 

(d) Contaminated wastes such as rags, wood, pipe, 
equipment. 

Environmental. Each system option must conform to all 
Federal and State of Maryland environmental emission 
standards. Since Maryland particulate allowables were 
relaxed from 0.05 grains 1 dscf to 0.10 grains/dscf the 
Federal Standard of 0.08 grains 1 dscf ·would now prevail 
along with the Federal standard of 4 pounds/hours of HCI 
in the exhaust stream. 
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TABLE X-2 

THERMAL PROCESS RATING CHARI' 
Rating: Factors 

1 - EOor 
2 - Marginal 
3 - Satisfactory 
4 - Good 
5 - Very Good 

RATING PROCESS 
NO. CATEGORY WAO FBI EWI CWP 

Expected Time Recammend against 
1 Required to Field 2· 1 2 2 completion of FBI 

Operational System 

Dependence Upon WAO & FBI depend 
2 External Support 1 1 5 5 upon slurry prep 

Systems & water treatment 

3 
Current Technology 
Available 2 1 5 4 

Demonstrates New 
4 PEP Disposal Process 5 5 1 2 

5 Pollution Control 3 3 3 3 

Process Fits OWP handles wastes 
6 NAVORll3TA wastes 1 2 4 4 that other 

procedures cannot 

Cost (Capital OWP handles wastes 
7 and Operating)* 3 3 4 3 that other 

(1) (2) procedures cannot 

Versatl11 ty CWP handles wastes 
8 of Process 1 1 4 2 that other 

procedures cannot 

9 Maintenance 5 2 5 4 History of problems 
on FBI pilot work 

Skill Level of 
10 Operation/Maintenance 2 2 4 4 

Personnel 

11 Energy Efficient 5 2 4 3 

12 Safety 2 2 4 3 

* Rating Factors in parentheses do not consider the influence of capital 
equipment already purchased and partially installed at the NOS. 
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Safety. Each. system option must be sized so that the feed 
rates and capacities can be within safe operating limits 
on all subparts, while meeting the production 
requirements. 

In addition to the above items, the following areas must 
be considered in developing and evaluating the options -
economics of the system, maintenance, use of existing 
equipment, past performance in the similar areas, 
anticipated start-up time and problems and incorporation 
of future work load into the system. 

100% Disposal Options. 

Three options of major equipment items for satisfaction of the 
above criteria are as follows: 

Option 1 - A Size Reduction Facility (SRF), an Explosive 
Waste Incinerator (EWI) and a Contaminated Waste Processor 
(CWP) • 

Option 2 - Same as Option 1 with the addition of the Wet 
Air Oxidation System (WAO). 

Option 3 - A Fluidized Bed Incinerator (FBI), a CWP, a 
WAO, a SRF, and a Deactivation Furnace (DF). 

Details on each of these options follows. These options are 
presented schematically in Figures X-1, X-2, and X-3. 

Option I 

In order to process 100% of ordnance related wastes, Option 1 
proposes the use of a size reduction facility (SRF), a standard 
contaminated waste processor (CWP) and an Explosive waste 
Incinerator (EWI) with a modified pollution control system. 

The purpose of the SRF is to reduce the waste items slated for 
disposal down to a size that can be handled by the EWI. This 
size is based not only on what the EWI's feed system can 
physically handle, but also from the standpoint of heat 
released per volume, emissions generated and the explosive 
content of each item. 

The standard CWP, as described in the Appendix, will handle a 
minimum of 300-600 lb./hr. of waste depending on the method of 
feed. The waste slated for disposal in the CWP comprise 
approximately 40% of the annual rate for NOS, and represents a 
workload of approximately 5 to 10 months single shift per 
year. 
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In researching the Federal Stack Emission stan~ards in Title 40 
of the Code of Federal Regulations (40 CFR), it states in 
paragraphs 264.343 (b) and (c) that the maximum allowable 
hydrogen chloride (HCl) is four pounds per hour (or 99.9% 
removal efficiency, whichever is greater), and the particulate 
emissions shall not be more than 0.08 grains per dry standard 
cubic foot (dscf) when corrected for the amount of oxygen in 
the stack gas. The state of Maryland's standards were also 
researched and found that they do not have any HCl requirements 
at this time but their particulate emissions standard is 0.10 
grans/dscf. In order to comply with all applicable regulations 
any new system will have to meet the 4 pounds per hour HCl 
standard and the 0.08 grains/dscf on particulates according to 
the Federal requirements. 

The standards for HCl emissions are not anticipated to 
represent a problem with the standard CWP. The chlorinated 
contaminated wastes to be burned in it only comprise a sHlall 
percentage of the total wastes and these will contain only 
residual amounts of the chlorinated compounds. The total 
possible HCl that can be formed should be maintained under the 
4 pound limit without any removal devices. 

The air pollution control system on the CWP has demonstrated 
that it can operate at less than 0.08 grains/dscf particulate 
emission. The CWP, by nature, operates very cleanly. 

The EWI will handle the remainder of items for disposal. This 
workload would require the EWI to operate at one shift for 
approximately the whole year. It will use either the conveyor 
or positive feed system for introducing the items into the 
furnace. Each of these feed systems are explained in the 
Appendix, along with a detailed description of the EWI. 

The standard EWI is designed to physically burn or destroy all 
of the specified wastes. Its air pollution control system 
(APCS) has demonstrated that it can meet the particulate 
emission standard of 0.08 grams/dscf when burning straight TNT. 
In order to ensure continual compliance to this level, a bag
house inspection program must be maintained to correct any 
leakage or by-passing of the bags. 

The standard EWI does not have provisions for gaseous removal 
of HCl; therei"ore, it cannot meet the Federal emission 
standards for HCI. Although the halogen generating ~astes 
comprise less than 15% of th workload, they do present a 
problem that must be addressed in order to be in compliance. 

In order to operate at the anticipated feed rate of 400 
pounds/hr. on the ammonium perchlorate wastes, it would require 
a HCl removal efficiency of 97%. The addition of a dry 
scrubber and a wet scrubber to the APCS was studied. Either of 
these systems can achieve the required efficiency of 97%. 
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The dry scrubber uses an absorbent which will react with the 
HCl to form a filterable salt. This absorbent can either be 
introduced into the hot gas stream prior to the gas cooler or 
at the baghouse where it is kept entrained in the airstre~m. 
This concept is fairly new but has been shown to work. Its 
prime advantage is that it is dry. No water treatment 
facilities are required for this system. Also, there is no 
major increase in pressure drop to the system. 

The second system to be considered was the wet scrubber. The 
wet scrubber is a proven system on HCl removal with many years 
experience. The wet scrubber will transfer the gaseous and 
particulate pollution from the airstream to liquid where it can 
then be cleaned and treated by conventional methods. The 
advantages of the wet scrubber for this syste~ are as follows: 

1. There is an existing on-site wet scrubber, originally 
designed for the Fluidized Bed Incinerator, that could 
be used in this system~ therefore, no new capital 
investment. 

2. There are existing water treatment facilities to treat 
the liquid from the scrubber (although depending on 
the actions taken as a result of this study it may not 
continue to exist). 

3. The wet scrubber is a proven concept. 

In order to take advantage of the existing equipment, the wet 
scrubber is the recommended option. It will be located between 
the baghouse and the exhaust fan. In order to comply with both 
the Federal HCI standard and particulate standard, both the 
baghouse and wet scrubber will be required when burning the 
halogenated wastes. 

Since the halogenated wastes comprise less than 15% of the 
total anticipated load, it is suggested that the wet scrubber 
be an option to the system. It should be by-passed when not 
needed, since the wet scrubber substantially increases the 
pressure drop to the system and it requires added maintenance 
to the water treatment system. This would essentially give a 
standard EWI system for the majority of the wastes. 

The addition of the wet scrubber option to the EWI's standard 
APCS would require the following modifications: 

1. Provisions made to allow for the increased pressure 
drop when the scrubber system is on-line. 

2. Modification of the existing layout to accommodate the 
scrubber. 

3. Design of the by-pa~s ducting system. 
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4. Integration of the wet scrubber conteols into the 
EWI's control system. 

The advantages of Option 1 are the following: 

a. It uses incineration systems that are proven ~apable 
of handling the type of wastes involved. No 
additional revisions or test programs will be required 
to make the systems operational, both of which can be 
very costly. 

b. Both systems are versatile and have excess capability 
to be able to handle future increases either in volume 
or additional items. 

The major disadvantage to this option is that it does not 
utilize many of the existing systems originally designed for 
this function. It must be noted, however, that existing 
systems have not been proven feasible in handling these wastes 
on a production basis. 

Incremental Implementation: 

As noted previously, Option I consists of an SRF, an EWI, and 
an CWPLU. These systems could be incrementally implemented if 
desired. Based upon maximum production ceturn relative to the 
expected funding requirements, we recommend that the CWP be the 
first unit to be implemented. This system will cost about 25% 
more than an EWI, but can process over 40% of current NOS 
wastes. Also, these particular wastes cannot be handled by any 
of the other proposed processes. 

The second increment recommended is the EWI. Although an EWI 
(without an SRP) will not handle a large percentage of the NOS 
wastes, it will process most mate~ials currently planned for 
the WAO and FBI, and has the additional capability (not 
available in any of the other systems) of handling both 
explosives and end items, such as CADS, PADS, Squibs and 
initiating devices. 

The final increment recommended is the SRF. with this 
addition, all curent NOS wastes can be processed. If it is 
possible to implement the SRF simultaneously with the EWI, 
making the incremental implementation a two-step process, this 
would be a more suitable approach, from a standpoint of time, 
but at the expense of higher monetary outlay earlier in the 
program. It would be advantageous to have both systems 
installed at the same time to avoid interface problems . 

Option 2 

This option also would enables NOS to process 100% of its 
ordnance related wastes. It is very similar to the first 
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option with the exception of how the chlorinated wastes are 
handled. This option consists of a Size Reduction Facility 
(3RF), a standard Explosives Waste Incinerator (EWI), a 
standard Contaminated Waste Processor (CWP), and the Wet Air 
Oxidation (WAO) modified to handle the HCl emissions. 

The Size Reduction Facility reduces the items, when required, 
to a size that can be fed into the EWI as discussed in Option 
1. These items primarily consist of the single and double 
based propellant grains. The EWI will also process end-item 
ocdnance such as CAD/PADS, pyrotechnics, squibs; and igniters. 

The standard EWI does not have a provision to control gaseous 
HCl emissions. For this option, the chlorine containing wastes 
such as awnonium perchlorate will not be processed in the EWI. 
Although the State of Maryland does not currently have a HCl 
standard, the Federal standard of 4 pounds per hour must be 
met. The particulate standard for Maryland of 0.05 grains/dscf 
can be maintained by the air polllltion control system on the 
EWI. 

Under this option, the EWI would be in use approximately 10 to 
11 months per year single shift. 

The standard CWP, as discussed in the Appendix, will process 
all contaminated wastes such as rags, gloves, pallets, drllms, 
metal and plastic parts, etc. This comprises about 40% of NOS 
workload. Existing test data on similar wastes show that the 
CWP will meet the emission standards for both HCl and 
particulate. Depending on the type of wastes and feed systems 
used, the CWP would be run between 5 to 10 months per year 
single shift. 

In order to lltilize existing equipment at NOS, the Wet Air 
Oxidation (WAO) system could be brought on stream to process 
the chlorinated wastes. In order to do this, the wet scrubber 
would have to be replaced by a larger unit. The existing 
scrubber scheduled for the Fluidized Bed Incinerator could be 
used. The WAO would only be scheduled for approximately 6 
weeks a year in order to handle all of the chlorinated wastes. 
Its workload could be increased by running SOlle of the single 
and double based propellants slated for disposal in the EWI. 
Items that could not be processed in the WAO are end-item 
ordna~ce such as the CAD/PADs, pyrotechnic, squibs and igniters 
and items contailling powdered materials such as aluminum, which 
settles out in the reactor. 

The advantages to this option are: 

1. It utilizes more of the existing equipment at NOS. 

2. The WAO unit could process part of th(~ EWI' s workload 
if needed for maintenance reasons. 
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The anticipate~ ~isadvantag~s or problems with this option are: 

1. Due to the large amount of Hel in the liquid of the 
WAO, the corrosion rate would reduce its life to an 
estimated one to tw6 years. Cleanout ~auld be 
required after each run. 

2. Option 2 adds another entire system that must be 
maintained and kept operational year round. 

3. Option 2 offers substantial amounts of excess oapacity 
but each system is required in order to process all 
the wastes. 

4. The very extensive grinding and slurrying facility 
must be made to operate to support the WAO. 

Imcremental Implementation: 

As previously described, Option 2 uses the same systems as 
Option 1, with the addition of the NAO process. If incremental 
implementation is desired for this option, we recommend a 
program for this, as follows. 

As in Option 1, we recommend implementation of the CWP as the 
first increment, using the same rationale previously 
described. 

The second increment cecommended is the WAO and is prescribed 
at this early point in the program mainly because it is nearly 
operational, and a relatively small expen~iture will be 
required to complete it. As detailed previously under Section 
VI, some of the support systems (namely, slurry preparation and 
water treatment)· for WAO are questionable as to whether they 
can be made operational. If these systems do in fact fail, 
then the WAO process must be deleted from all options. 

The third increment will be the EWI, followed by an SRF, as was 
the recommended sequence for Option 1. Again, it would be more 
desirable from a time standpoint to implement a third increment 
composed of both an EWI and an SRF. 

Option 3 

Option 3 is designed to utilize the existing Wet Air Oxidation 
(WAO) system and Fluidized Bed Incinerator (FBI) that were 
originally designed for installation at NOS. This option also 
consists of a Size Reduction Facility (SRF), a Oeactivatiorl 
f,lt:"nace (DF) and a Contaminated ,,qaste 'Processor (CWP.) 
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The SRF in this system is similar to that in the other two 
options. It r~duces the bulk items down to approximtely 5 to 8 
pounds, or smaller, so that they can be handled in th8 various 
components of the systems. 

The WAO unit would be used to handle the PEP waste except for 
the aluminized casting powders and halogenated wastes. Both of 
these would be run into the FBI. It is anticipated that 
modifications would have to be made to the air pollution 
control system (APCS) on the FBI in order to meet the stringent 
particulate emission standards now imposed by the State of 
Maryland. At this time, the addition· of a fabric baghouse is 
anticipated in order to acco!aplish this. 

Both the WAO and the FBI would require additional size 
reduction of waste items so they could be in a feedable form. 

The OF is similar to the Explosive Waste Incinerator (EWI) used 
in the other options with the exception that it has a downsized 
air pollution control system and does not have ~ gas cooler. 
Because of this, its feed rate on hi9hly exothermic materials 
will be lower than the EWI. The OF 1S required to dispose of 
end-item ordnances such as CAO/PADs, pyrotechnics, squibs and 
igniters. These items cannot be disposed of in either the WAO 
or the FBI since they cannot be safely ground down to the 
feedable size for either system. 

The total workload for these three systems combined (the WAO, 
FBI and DF) would be appro~iffiately 1 year single shiEt. Many 
of the items could be run in anyone of these systems and the 
workload could shift, hut no single system can handle all of 
the items as is. 

The standard CWP, as discussed in the Appendix, would process 
all contaminated wastes such as rags, gloves, pallets, druIDs, 
metal and plastic parts, etc. This comprises about 40% of 
Indian Head workload. Existing test data on similar wastes 
show that the CWP will meet the emission standards for both HCl 
and particulate. Depending on the type of wastes and Er=c=:l 
8ystems used, the CWP would be run between 5 to 10 months per 
year single shift. 

The advantage to this system is that it utilizes the two 
systems originally slated to be installed at Indian Head. 
However, both would require extensive modification to bring 
into operation. 

The disadvantages are ~s follows: 

1. The WAO and FBI do not have a past 
disposing of the PEP type wastes. 
problems with a new system and the 
modifications are anticipated. 
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2. The WAO and FBI require controlled particle ~izing to 
ensure that they will stay in suspension. Similar 
systems have had plugging problems which could create 
not only production problems but also a safety 
problem. 

3. The 4 systems together have several hundred percent 
excess capacity~ however, all systems are needed for 
100% disposal. Each system must still be maintained 
year round and since each system is so different, they 
will require a variety of skills and training to 
service them. Spare parts and special tools required 
will have to be kept for each system. 

4. Operators and crew will have to be trained for each 
system. 

Since the expense of this option is so much greater than Option 
1 or Option 2, it is not recommended. 

Incremental Implementation 

Option 3 consists of an SRF, a CWP, a FBI, a WAO unit and an 
APE 1236 rotary kiln or Deactivation Furance (DF) previously 
detailed. 

Incremental imple!nentation of these would best be accomplished 
as follows: 

(a) Increment 1 - CWP 
(b) Increment 2 - WAO 
(c) Increment 3 - DF 
(d) Increment 4 - SRF 
(e) Increment 5 - FBI 

The rationale for the order of Increments I and 2 is the same 
as previously described for Option 2. 

We recommend that the DF be installed as the third increment of 
this option. It will provide end item processing capability 
not provided by any of the other processes, and can be obtained 
for a relatively small expenditure (current installed cost of 
this unit is about $250,000). The. system is quite versatile 
dnd can process ffiany other PEP materials, being limited chiefly 
by physical sizes which can be fed. 

The SRF is recommended for installation as the fourth increment 
of this option. Although it is a vital system for processing 
100% of the NOS waste, it is relatively expensive, which is the 
primary reason it is recommended at the fourth of the five 
increments. The SRF will be a part of the preparation of the 
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feedstreaHl tot:' both the WAO and DF and it will siz'3 ("educe 
items too large for either the OF or the slurry preparation 
system. 

We recommend the FBI be installed as the final increment. The 
system is relegated to this position mainly because of the low 
potential of becoming operational, and partially because 
remaining costs will be quite high. Also, it does not have the 
capacity to process a significant percentage of station wastes 
without the SRF, which means it should follow (or be concurrent 
with) that facility. 

As noted previously for the WAO, the FBI will require the 
support of the currently questionable slurry preparation 
system. If slurry preparation cannot be made operational, then 
both the FBI and WAO systems must be dropped from consideration 
in all options. 

G. Site Layout 

Based on the drawing obtained Eroffi NOS, site layouts for 
each option of 100% waste disposal have been proposed. 
Criteria for the proposed site location were to optimize 
the use of existing facilities, minimize the utility 
installation cost, and integrate the new facility with 
existing equipment. 

We have located the new facilities considering convenience 
and safety. On both the EWI and CWP, the operations are 
manned and there is no danger from explosions within 
either of these processes. The DF of the EWI is 
barricadeJ to resist the allowed amount of explosive being 
introduced into the system. The CWP is designed 
specifically to handle only contaminated items with small 
amounts of explosive wastes. Therefore, there is no added 
danger from either of these facilities. 

The size reduction facility (SRF') location is the same for 
each option. It is located southwest of the proposed EWI 
facility site, and has been shown at approximately the 
same distance from a manned operation as the existing 
shredder bui Id ing (130 ft). The SRF operation pr;)~,)osed 
uses an allowable propellant quantity of 3000 lb, which is 
the same as Ear the existing shredder building. Travel on 
Coffee Road just west of the PDF will probably be 
restricted during hazardous operations at the SRF. A 
formal QD analysis will be a necessary pact of any site 
layout which may be considered for this PDF revision. 
This site is selected to'minimize the distance to the EWI. 
In the future, the wastes that are being trucked to the 
EWI from the SRF could be conveyed. 
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The following discussions describe the proposed site 
layouts for each option. Since the site layouts for 
Options 1 and 2 are similar, they have been combined. 
Figures X-4 and X-5 are provided to visually aid in 
locating the proposed site layout. 

Options 1 and 2 

To optimize the use of the existing incinerator buildings, we 
propose that the EWI use the FBI incinerator building as a feed 
room. Thus, the existing FBI equipment would have to be 
removed and the existing building would have to be modified to 
accommodate the CWP. 

In order for PEP wastes, ash and scrap metal to be distributed 
to and from the site, roadway, it would have to be modified to 
allow access to the feed room (FBI incinerator building) and 
provide a truck turnout. utilities and plant water can be 
easily provided from the water treatment building. The 
existing fuel oil storage tank that was installed for the FBI 
can be used for firing the DF. Slurried PEP wastes can be 
brought in through the existing tunnel network. However, it 
would be more beneficial to incinerate the wastes dry rather 
than in a slurry form. Also, Roadway J can be extended down to 
loop by the proposed size reduction building. This would 
provide very convenient and safe access to and from the EWI and 
SRF. 

Depending on the amount and type of wastes being processed at 
the slurry preparation and size reduction building, some 
barricading may have to be provided to protect the EWI 
facility. This is the only anticipated problem that may alter 
this location for the EWI. 

The CWP requires a large area in order to operate efficiently. 
Storage space for loading and unloading zones and basket 
cooling must be provided. The site selected for the CWP is 
between the water Treatment Building and Caffee Road. This 
location has ample space and is easily accessible. utilities 
can be provided from the Water Treatment Building. 

For Option 2, the Wet Air Oxidation facility would be made 
operational. The site location for the EWI and CWP would not 
change. The EWI may be smaller since it will not have to 
handle ammonium perchorate. No other chang~s are anticipated. 

Option 3 

In Option 3, the FBI and WAO would be made operational. The 
CWP would be installed in the same site as in Options 1 and 2. 
A deactivation furnace may have to be installed along with the 
CWP to dispose of end item ordnances such as cads, pads, 
pyrotechnics, squibs and igniters. 
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COI\Clusion 

The proposed facilities have been laid out to meet their 
functional requirements. To minimize the amount of groundwork 
required to install each facility, sites with the flattest 
elevations were selected. Also these sites were laid out in a 
manner so that personnel would not have to travel through 
restricted or "hot" areas in order to reach either proposed or 
existing facilities. 

H. Recommendations 

Our recommendation for 100% disposal of NOS wastes is 
Option 1. Option 2 is our second choice, and Option 3 is 
not recommended, due mostly to the uncertainties of the 
FBI unit. Options 1 and 2 rate fairly equal, in our 
judgment; however, Option 1 appears to be the best, 
inasmuch as no slurry preparation system is required. The 
existing slurry preparation system is currently frought 
with problems. Option 2 has one advantage over Option 1, 
in that it does utilize some existing equipment, namely 
the WAO unit. This advantage however, does not outweigh 
the slurry system disadvantage, in our judgment. 

Since the contaminated waste processor (CWP) is common to 
both options, it is recommended that the Navy add a CWP at 
NOS as soon as possible. This will eliminate one entire 
open burning ground and dispose in an ecologically clean 
manner over 40% of the existing wastes that are now open 
burned. EPA regions 4 and 7 and the state of Wisconsin 
have classified the CWP as not a hazardous waste 
incinerator. Therefore, since precedence has been set, it 
is highly possible that the state of Maryland will concur 
and a Part B permit will not be required. Construction 
can proceed without the exhaustive permitting requirements 
of new hazardous waste incinerators. This facility 
requires no upstream preparation of the material prior to 
disposal. Therefore, it is not dependent on other 
facilities for its successful operation and could 
immediately be brought on line. 

1. Additional Options 

Additional options that utilize off-post shipping and/or 
on-site open burning are shown in the following figures. 
It should be noted that Option 7 is a very attractive 
option and fits incrementally with Option 1 as discussed 
previously. 

Off-station disposal requires signficant considerations 
and these are described in detail in Section XI. Economic 
analyses of all eight options are pres,ented in Section 
XIV. 
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Material 

Nitrocellulose 

Casting Powder 

Grain End Trim/Slabs 

Shavings/Chips 

Carpet Rolls 
(excess or reject) 

Extrusion Flashings 

PNC (Plastisol 
Nitrocellulose) 

TABLE X-3 

ORDNANCE RELATED WASTES - INDIANHEAD 

I. SINGLE AND DOUBLE BASE PROPELLANTS/INGREDIENTS - 634,500 LB./YR. 

Annual 
Production 

(Waste) 

1,000 lbs. 

120,000 lbs. 

15,000 lbs. 

2,000 lbs. 

12,000 lbs. 

300 lbs. 

100 lbs. 

Material Form Material Size 

Flakes .002" to .080" 

Powder .040" to .080" 
granules 

Chunks and 
slabs. 

Flat Prop. 
Rolled 

Pieces 

Flakes 

Fines up to 
4" x 15" 

Fines to 
1 " x 1 " 

12" wide x 
16" dia. roll 

.060 thick 
3" x 5" 

Powder to 
.060" thick 

X-45 

Reduction Required 

None 

None 

Yes 

None 

Yes 
Shredder 

None 

None 

Type Material 

3 

3 

5 

3 

5 

3 

3 



Annual 
Production 

Material (Waste) Material Form Material Size Reduction Required Type Material 

Talos Grain 20,000 Ibs. Solid Prop. 30 11 x 90 11 19. Yes 5 
has cellulose 
acetate 
inhibiter. 

Terrier Booster and 272,200 Ibs. Solid Prop. 18 11 dia. x Yes 5 
Terrier Sustainer 120 11 long 
with inhibitor 1411 dia. x 

50 11 long 

ASROC Shell and 14,400 Ibs. TUbe/cruci- 1211 OD x 10 11 ID Yes 5 
ASROC Cruciform form grain x 52 11 long 
w/ethel cellulose 8 11 OD x 52 11 long 
acetate inhibitor 
(uncased) 

Zuni with Inhibitor 85,000 Ibs. Grain 5" dia. 60 11 19. Yes 5 

Sidewinder IA 5,000 Ibs. Grain 5 11 dia. 60 11 19. Yes 5 
with Inhibitor 

2.75 Motor 54,000 Ibs. Grain 311 dia. x 31 11 19. Yes 5 
(FY 85 Production) 

Rapec and MK51 3,000 Ibs. Grain 3" dia. x 40 11 19. Yes 5 
111 dia. x 12" 19. 

X-46 



,~-. -.------~------~------------~----~~~~~------~----------~----~~--~--~----~----~~----------~------~--~ 

Annual 
Production 

Material (Waste) Material Form Material Size Reduction Required Type Material 

MK89 with 15,500 lbs. Grain 5" dia. x Yes 5 
inhibitor 13" long 

LOVA/GAU 8 15,000 lbs. Granular and 1/4" dia. x 4 Yes 5 
Propellant chunks to 6" long 
(FY 85 Production) 

X-47 
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II. COMPOSITE PROPELLANTS/INGREDIENTS - 118,600 LB./YR. 

Material 

Std. Arm Sustainer 
and Booster Scrap 
(cured) 

Annual 
Production 

(Waste) 

27,000 lb/yr 

Std. Arm Props Heels 43,000 lb/yr 
Uncured (could vary 
from cured hard to 
viscous liquid. 

Std. Arm Boosters 
(uncased) 

2.2 Jato Scrap 
(CTBN) cured 

2.2 Jato Grain 
uncased 

2.2 Jato Heel 
uncured 

14,400 Ib/yr 

1,000 lbs. 

1,000 lbs. 

8,400 lbs. 

Material Form 

Shavings to 
long chunks 

Propellant 
grain 

Shavings 
and chunks 

Grain 

Chunks 

Material Size 

Shavings to 
max. chunk 1011 
to 70 11 long 

Up to 411 X 12" 

1011 diaD 
x 70" long 

Chunks to 
2" x 10" diaD 

Reduction Required 

Yes 

Yes 

Yes 

Yes 

10" diaD x 43 11 19. Yes 

1-3 11 X 10" diaD Yes 

X-48 

Type Material 

6 

6 

6 

6 

6 

6 



Annual 
Production 

Material (Waste) Material Form Material Size Reduction Required Type Material 

Hogged-out 4,000 lbs. Dust to To 4" X 6" Yes 6 
Propellant Chunks 

Ammonium Perchlorate 9,700 lbs. Powder to Chunks to Yes 6 
scrap Chunks 10" x 15" 

Zuni 1,000 lbs. Solid Prop. 5" dia. x Yes 6 
62" long 

CTBN 3,000 lbs. Shavings to Chunks to Yes 6 
Chunks 3" x 10" 

HMX & RDX 2,400 lbs. fines/slurry Collect in None 3 
wet sawdust 

HBNQ 500 lbs. " " None 3 

HTPB 100 lbs. Powder to Grains 2-1/2" Yes 6 
Grains dia. x 20" long 

Powdered Al 100 lbs. Powder/Lumps Lumps to 3" None 3 
x 4" 

Reject Composite 3,000 lbs. Powder/Lumps Lumps to 3" None 4 
Mix (uncured) fluid x 4" 

X-49 
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Material 

Bomroc 
RAP 
SFU Igni ter 

III. FLUOROCARBON PROPELLANTS - 300 LB./YR. 

Annual 
Production 

(Waste) 

300 lbs. 

Material Form Material Size 

Powder to Max. 4" x 8" 
Chunks. 

X-50 

Reduction Required 

Yes 

Type Material 

6 



Material 

Pyrotechnics 
Squibs 
CAD 
PAD 
Igniters 
Caps 
Cartridges 

Annual 
Production 

(Waste) 

25,000 lbs. 

IV. END ITEM ORDNANCE - 25,000 LB./YR. 

Material Form Material Size Reduction Required Type Material 

End items Varies None 8 

X-51 
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Material 

Otto Fuel 

Heptane 
Acetone 
Alcohols 
Hexane 
Agitine 

Annual 
Production 

(Waste) 

5,000 lbs. 
( including 
Otto fuel 
above) . 

v. FLAMMABLE LIQUIDS - 5,000 LB./YR. 

Material Form Material Size 

Sawdust Slum 
40 to 50% otto 
fuel. 

Liquid 

X-52 

,I 

Reduction Required 

N/A 

N/A 

Type foIlaterial 

7 

7 



Material 

Slums 
Nitro glycerin 

. Metriol trinitrate 
Triethylene Glycol 
Cinitrate 

Annual 
Production 

(Waste) 

69,000 lbs. 

VI. NITRATE ESTER SLUMS 69,000 LB./YR. 

Material Form Material Size 

Each slum contains 20-30% of 
the nitrate ester, 20% 
triacetin & the remainder in 
sawdust or shredded cloth. 

X-53 

Reduction Required 

N/A 

,/ 

Type Material 

3 



Material 

PBX Cured in Case 

PBX Uncured 

VII. PLASTIC BONDED EXPLOSIVE ~ 1,100 LB./YR. 

Annual 
Production 

(Waste) 

1,100lbs. 

Unknown 

Material Form Material Size 

X-54 

Reduction Required 

Yes 

No 

Type Material 

Unclassified 

3 



· ., 

VIII. CONTAMINATED WASTES - 518,000 LB./YR. 

Annual 
Production 

Material (Waste) Material Form Material Size Reduction Required Type Material 

Gloves, rags, 17,000 lbs. Cotton 1 lb. to No 
cottn wastebags 30 lb. bags -
etc. Bag sizes 

4" x 4" to 
36" X 48" 
14" x 1 4" sheets 

Equipment, Shipping 500,000 lbs. Equipment 5 ' x Yes 
Centers, Dunn·age 5 ' x 18 
drums, boxes, Wood pallets up 
metals, plastic to 6 ' x 6 ' 
parts. 20 & 55 Gallon 

drums metal 
bonding 1/2" to 
2" x 40' • 

Extrusion Wax - 1,000 lbs. Sawdust 1" to 15" Yes 5 
out material shavings 

beeswax, 
oatmeal 
propellant. 

X-55 
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XI. SEARCH FOR ALTERNATE OFF BASE DISPOSAL SI'I'ES 

General 

The purpose of this task was to determine if any of the 
ordnance related waste generated at NOS could be transported 
safely and economically off base and disposed of in an 
environmentally safe and cost effective manner at either 
another government disposal facility or one operated by private 
industry. 

Procedure 

In order to aocomplish the above a study of the 
transportability of all portions of the NOS waste stream was 
performed. This included a comprehensive examination of 
federal and state regulations and guidelines pertainng to 
transportation of propellants and explosives. Packaging 
requirements were studied and economics of preparing the 
various materials for shipment and the shipping of materials 
was developed. 

Various governmental and private waste disposal sites and 
organizations were selected for examination and questioned 
regarding interest in and capability for accepting all or part 
of that NOS waste deemed transportable. For any location 
currently capable of disposing of a portion of the waste 
stream, a five year forecast was developed predicting degree of 
continued disposal capability and the ability of each potential 
site to obtain a Phase B RCRA permit when required. 

Finally, economics of off site disposal were developed and 
included as part of the evaluation of the various options. 

A. List of Materials 

Table XI-1 lists the materials presently forecasted as 
making up the workload for open burning at NOS. Ideally, 
an off base disposal site would be capable of handling all 
of these wastes. However, off base disposal of any of 
these would ease the open burning problem at NOS and/or 
reduce the number of types of new disposal equipment which 
would have to be constructed. The table lists two packing 
requirements for each item; (1) packing for on base 
disposal; and (2) packing for off base disposal. 

If a decision were made to ship any of the wastes to off 
base disposal sites, DOT and RCRA packaging requirements 
for these materials would need to be precisely determined; 
however, it is beyond the scope of this study to make this 
determination • 

XI-1 
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ORDNANCE RELATED WASTES - INDIAN HEAD 

I. SINGLE AND DOUBLE BASE PROPELLANTS/INGREDIENTS - 634,500 LB./YR. 

Annual 
Production Packing for 'On Packing for Of f 

Material 

Nitrocellulose 

Casting Powder 

(Waste) Material Form Material Size 
"---_ ......... _----

1,000 lbs. 

120,000 lbs. 

Flakes .002" to .080" 

Powder 
granules 

• 040" to .080" 

Grain End Trim/Slabs 15,000 lbs. Chunks and 
slabs 

Fines up to 
4" x 15" 

-~-----------------------------.-.--------"---.-,,-

Shavings/Chips 2,000 lbs. Fines to 
1" x 1" 

Post Disposal Post Shipment -"--------'-
Conductive Plastic 
bags in metal 
trash cans. 

" 

It 

" 

Pack in same 
Galvanized metal 
drum material is 
received . 

Plastic bags in 
Lever Packs (18" 
dia. x 40" high 
fiber drum 
w/conductive 
strip). ' 

" 

" 

--~ --.---~-.--.-----.----- -----.---.------,--~---------- , ---_._-------
Carpet Rolls 

(excess or reject) 
120,000 lbs. Flat 

Propellant 
Rolled 

12" wide x 
16" dia. roll 

Fiber drums 

--------,---.~~---.-.---.--.-----------------,----- .. --------.-----------.. ---.-'~------

XI-2 

--,_." 

Fiber drums 
(same one in 
which material 
is received from 
Radford AAP. 



t-laterial 

Extrusion Flashings 

PNC (Plastisol 
Nitrocellulose) 

Talos Grain 

Terrier Booster and 
Terrier Sustainer 
with inhibitor 

ASROC Shell and 
ASROC Cruciform 
w/ethel cellulose 
acetate inhibitor 
(uncased) 

Annual 
Production 

(Waste) 

300 Ibs. 

20,000 Ibs. 

272,200 Ibs. 

14,400 Ibs. 

Material Form Material Size 

Pieces .060 thick 

Fl akes 

Solid Prop. 

Solid Prop. 

Tube/cruci
form grain 

Powder to 
.060" thick 

30" x 90" Ig. 
has cellulose 
acetate 
inhibiter. 

18" dia. x 
120" long 
14" d ia. x 
50" long 

12" OD x 10" 1D 
x 52" long 
8" OD x 52" long 

XI-3 

Packing for On 
Post Disposal 

Conductive Plastic 
bag s in metal 
trash cans. 

II 

Placed on truck 
mounted saddles 
for movemen t to 
open burning 
ground. 

" 

.. 

Packing for Of f 
Post Shipment 

Plastic bags in 
Lever Packs. 

II 

Cut into chunks 
for packing into 
plastic bags and 
lever packs OR 
uncut grain 
could be 
repacked in 
modified wooden 
or metal grain 
shipping 
container. 

II 

Cut into chunks 
for packing in 
plastic bags and 
lever drums. 



Annual 
Production Packing for On Packing for Off 

Material (Waste) Material Form Material Size Post Disposal Post Shipment 

Zuni with Inhibitor 85,000 Ibs. Grain 5" dia. 60" Ig. Placed on truck Cut into chunks 
mounted saddles for packing in 
for movement to plastic bags and 
to open burning lever drum. 
ground. 

Sidewinder IA 5,000 Ibs. Grain 5" dia. 60" Ig. " " 
with Inhibitor 

2.75 Motor 54,000 Ibs. Grain 3" dia. x 31" Ig. " Pack in plastic 
( FY 85 Production) bags and lever 

drum. 

Rapec and MK51 3,000 lbs. Grain 3" dia. x 40" 19. " " 
1 " dia. x 1 2" 19. 

MK89 with 15,500 lbs. Grain 5" dia. x Place in conductive " 
inhibitor 13" long plastic bag and metal 

trash can. 

LOVA/GALI 8 15,000 Ibs. Granular and 1/4" dia. x 4 " " 
Propellant chunks to 6" long 
(FY 85 Production) 

XI-4 



II. COMPOSITE PROPELLANTS/INGREDIENTS - 119,500 LB./YR. 

Material 

Std. Arm Sustainer 
and Booster Scrap 
(cured) 

Annual 
Production 

(Waste) 

27,000 Ib/yr 

Std. Arm Props Heels 43,000 Ib/yr 
Uncured (could vary 
from cured hard to 
viscous liquid. 

Std. Arm Boosters 
(uncased) 

2.2 Jato Scrap 
(CTBN) cured 

2.2 Jato Grain 
uncased 

1.1 Jato Heel 
uncured 

14,400 Ib/yr 

1,000 Ibs. 

1 ,000 Ibs. 

8,400 lbs. 

Material Form 

Shavings to 
long chunks 

Propellant 
grain 

Shavings 
and chunks 

Grain 

Chunks 

Material Size 

Shavings to 
max. chunk 10" 
to 70" long 

Up to 4" X 12" 

10" dia. 
x 70" long 

Chunks to 
2" x 1 0 II dia. 

10" dia. x 43" 

1-3" x 10" dia. 

XI-5 

packing for On 
Post Disposal 

Ig. 

Conductive plastic 
bag in metal 
trash can. 

.. 

Overpacked in 
plastic & placed 
in truck mounted 
saddles for move
ment to OB ground. 

Conductive Plastic 
bag in metal trash 
can. 

.. 

Conductive plastic 
bag & metal trash 
can. 

Packing for Off 
Post Shipment 

Cut as required, 
pack in plastic 
bag and Lever 
pack. 

Pack in 
Conductive 
Plastic bats and 
Lever pack 

Cut-up package 
in plastic cntr. 
and fiber lever 
pack. 

" 

Cut-up package 
in plastic bag 
& lever pack. 

Pack in plastic 
bag & lever 
pack. 

.1 



Annual 
Production 

Material (Waste) 

Hogged-out 4,000 lbs. 
Propellant 

Ammonium Perchlorate 9,7000 lbs. 
scrap 

Zuni 1,000 lbs. 

CTBN 3,000 lbs. 

HMX & RDX 2,4000 lbs. 

HBNQ 500 lbs. 

HTPB 100 lbs. 

Material Form 

Dust to 
Chunks 

Powder to 
Chunks 

Solid Prop~ 

Shaving s to 
Chunks 

fines/slurry 

" 

Powder to 
Grains 

Material Size 

To 4" X 6" 

Chunks to 
10" x 15" 

5"dia. x 
62" long 

Chunks to 
3" x 10" 

Collect in 
wet sawdust 

" 

Grains 2-1/2" 
dia. x 20" long 

XI-6 

Packing for On 
Post Disposal 

Conductive Plastic 
bag & metal trash 
can. 

" 

Unknown 

Conductive Plastic 
bag & metal trash 
can. 

" 

" 

" 

_1-

Packing for Of f 
Post Shipment 

Pack in plastic 
bag & lever 
pack. 

Pack in plastic 
bags & special 
lined 55 Gal. 
Drums 250/lb. 
Drum. 

Cut-up package 
in plastic bag 
Lever pack. 

Package in 
plastic bag & 
Lever Pack. 

Package with 
sawdust in 
plastic bags & 
Lever Packs. 

" 

& 

Pack in plastic 
bag & lever pack 



Material 

Powdered Al 

Reject Composite 
Mix (uncured) 

Annual 
Production 

(Waste) 

100 lbs. 

3,000 lbs. 

Material Form 

Powder/Lumps 

Powder/Lumps 
fluid 

Material Size 

Lumps to 3" 
x 4" 

Lumps to 3" 
x 4 It 

XI-7 

packing for On 
Post Disposal 

" 

" 

Packing for Off 
Post Shipment 

Pack in plastic 
bag & 5 5 gal. 
drums. 

Pack in plastic 
bags w/sawdust 
overpack in 
lever packs or 
55 gal. drum. 

.1 



Material 

Bomroc 
RAP 
SFU Igniter 

III. FLUOROCARBON PROPELLANTS -' 300 LB./YR. 

Annual 
Production 

(Waste) 

300 lbs. 

Material Form Material Size 

Powder to Max. 4" x 8" 
Chunks. 

XI-8 

Packing for On 
Post Disposal 

Packed dry in 
conductive plastic 
bags in metal cans. 

-'-

Packing for Off 
Post Shipment 

To be determined 



Material 

Pyrotechnics 
Squibs 
CAD 
PAD 
Igniters 
Caps 
Cartridges 

Annual 
Production 

(Waste) 

25,000 lbs. 

IV. END ITEM ORDNANCE - 25,000 LB./YR. 

Material Form Material Size 

End items Varies 

XI-9 

Packing for On 
Post Disposal 

Currently packaged 
in original packag
ing for shipment & 
disposal in a 
Deactivation Furnace 
at Earl, N.J. 

Packing for Off 
Post Shipment 

Same as now used 



Material 

Heptane 
Acetone 
Alcohols 
Hexane 
Ag i tine 

Annual 
Production 

(Waste) 

5,000 lbs. 

v. FLAMMABLE LIQUIDS - 5,000 LB./YR. 

Material Form Material Size 

Liquid 

XI-l0 

Packing for On 
Post Disposal 

Glass Cntrs. or 
metal drums. 

--" 

Packing for Off 
Post Shipment 

Metal drums. 



Material 

Slums 
Nitro glycerin 
Metriol trinitrate 
Triethylene Glycol 
Cinitrate 
Otto fuel 

VI. NITRATE ESTER SLUMS - 69,000 LB./YR. 

Annual 
Production 

(Waste) 

69,000 lbs. 

Material Form Material Size 

Each slum contains 20-30% of 
the nitrate ester, 20% 
triacetin & the remainder in 
sawdust or shredded cloth, 
except the Otto fuel slum, is 
sawdust and 40 to 50% Otto 
fuel. 

XI-l1 

Packing for On 
Post Disposal 

Conductive plastic 
bags in a metal 
trash can. 

Packing for Off 
Post Shipment 

Packed with 
Sawdust in 
plastic bags in 
metal durms. 
This material 
may not be 
acceptable for 
shipment. 

.' 



Material 

PBX Wastes 

VII. PLASTIC BONDED EXPLOSIVE - 1,100 LB./YR. 

Annual 
Production 

(Waste) 

1,100 lbs. 

Material Form Material Size 

XI-12 

Packing for On 
Post Disposal 

Packing for Off 
Post Shipment 



Material 

Gloves, rags, 
cottn wastebags 
etc. 

Equipment, Shipping 
Centers, Dunnage 
drums, boxes, 
metals, plastic 
parts. 

Extrusion Wax 
out material 

'--' -

VIII. CONTAMINATED WASTES - 518,000 LB./YR. 

Annual 
Production 

(Waste) 

17,000 lbs. 

500,000 lbs. 

1,000 lbs. 

Material Form 

Sawdust 
shavings 
beeswax, 
oatmeal 
propellant. 

Material Size 

Cotton 1 lb. to 
30 lb. bags -
Bag sizes 
4" x 4" to 
36" x 48" 
14" x 14" sheets 

Equipment 51 x 
5 I x 18 
Wood pallets up 
to 6 1 X 6 1 

20 & 55 Gallon 
drums metal 
bonding 1/2" to 
2" x 40 1

• 

1" to 15" 

Packing for On 
Post Disposal ,/ 

Conductive plastic 
bags in metal 
trash" can. 

Dumptruck 

Conductive Plastic 
bags in metal 
trash can. 

Packing for Off 
Post Shipment 

Baled with 
plastic wrap. 

Unknown* 

Plastic bags in 
Lever packs. 

* See discussion on page XI-16. These materials must be appraised on a case-by-case basis and packaged 
accordingly. 

XI-13 
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ATTACHMENT 1. 

MEMO FOR RECORD 

August 25, 1983 

FROM: Bo Crist 

SUBJECT: Report of Visit to DOT 

PURPOSE: Obtain information concerning the rules and regulations involved 
in the shipment of wastes developed at Indianhead, MD. 

Jerry Clayson and I met with Wayne Goudie and discussed the feasi
bility of shipping Indianhead's wastes to other military installations. 
Mr. Goudie looked at our list and clailned he did not recognize most of 
the items listed. However, he did feel that almost all of the PEP . 
wastes generated at Indianhead could be shipped by either interstate 
highway or railway according to 49 CFR 173. 

The only waste he questioned was nitroglycerin. Mr. Goudie knew 
that nitroglycerin in a pure form was forbidden for shipment, but was 
not sure where it was mixed in sawdust and other materials. He said 
it would probably have to be tested and approved before it could be 
shipped. Otherwise, Mr. Goudie felt that we should treat the wastes 
as explosives with the exception of the flammable liquids which would 
be shipped as prescribed in 49 CFR 173. 

Packaging for the wastes was described in 49 CFR 178. Hr. Goudie 
explained that we must determine the class rating and material descrip
tion that closely relates to the class rating and material description 
in Table 172.101 and of 49 CFR 172.102 in order to determine what rules 
and regulations are required to ship the wastes. Mr. Goudie said that 
usually the manufacturer (Indianhead) is responsible for obtaining 
the wastes' class rating and for packaging the wastes. 

Hr. Goudie also made us aware of a compatibility chart in 49 CFR 
177.854 that would allow us to ship mixed wastes. We asked if there 
were any problems with shipping waste explosives that would not meet 
specifications. Mr. Goudie felt that they could be shipped and 
thought that if the CFR was followed and"the wastes were approved for 
shipment, there would be no problems. 

/ 
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Survey of Department of Transportation Regulations and 
Transportability 

The annual wastes generated at NOS have been categorized 
and are listed in Table XI-1. Where information was 
available, the current packing for on-post transportation 
has been listed and anticipated off-post packing is 
suggested. The governing regulations for the 
transportation of these wastes is 49 Code of Federal 
Regulations (CFR) Parts 171-179 and 40 CFR 263.11 and 
263.31. These regulations were developed by EPA and DOT 
for the transporters of hazardous wastes as outlined in 40 
CFR 263.10. 

Mr. Wayne Goudie of DOT reviewed the list and stated that 
he felt most items were shippable. Minutes of this 
meeting are found in Attachment 1. Most items could be 
categorized into one of the listings in Tables 49 CFR 
172.101 or 172.102 •. The testing for these listed items 
has already been performed and approved shipping 
containers and procedures are outlined. Those items which 
do not fall in the listed category of items that have been 
altered may fall under 49 CFR 173.86 "new explosives". 
This states that no person may offer a new explosive for 
transportation unless it has been examined and assigned a 
recommended shipping description and hazard 
classifications. Approval and testing agencies are 
outlined in 49 CFR 173.86(b). 

Approved packaging is outlined in 49 CFR 178, subparts C 
to F. All containers must be DOT certified. 

As stated previously, most items at NOS can be transported 
if properly packaged. Questionable items in each section 
as outlined in Table XI-1 will be discussed. 

I. SINGLE AND DOUBLE BASE PROPELLANTS (634,500 
Ibs./year) 

Nitrocellulose - This comprises only 1,000 pounds per 
year. In order to be shipped per 173.184, it must be 
0-20 % by weight water and the gross weight per 
container under 490 pounds. 

Grain End Trim/Slab; Shaving/Chips - These items are 
assumed to have the standard chemical composition. 
The ratio of surface area to volume will be greater 
than normal items. However, no problems are 
anticipated. Normal packing should satisfy and it is 
not felt that this will be classified as a new 
product. 

XI-14 



II. COMPOSITE PROPELLANTS/INGREDIENTS (119,500 lbs./year) 

Uncured Items - There are three listed items in this 
category: Standard Arm Propellant Heels (43,000 
lbs./year), 1.1 Jato Heels (8,400 lbs./year) and Reject 
Composite Mix (3,000 lbs./year). Since the chemical 
composition of the uncured waste could be different from 
the standard, they conceivably will be classified as a 
"new product". This could require testing and approval of 
each batch prior to shipment off-post and would not be 
practical. 

III. FLUOROCARBON PROPELLANTS (300 lbs./year) 

No problems are anticipated if properly packaged. They 
may have to be shipped separately. 49 CFR 177.854 lists 
items that can be loaded on the same truck. The SFU 
Igniter may not be allowed with the propellant wastes. 

IV. END ITEM ORDNANCE (25,000 lbs./year) 

No problems are anticipated. Current packaging probably 
is adequate for off-base shipment. These items will 
probably be shipped separately from the other waste per 
compatability as listed in 49 CFR 177.854. 

V. FLAMMABLE LIQUIDS (5,000 lbs./year) 

The sawdust slum with 40 to 50% otto fuel is not listed. 
Shipping details and approval must be obtained. This item 
may not be practical to transport off-base. 

The other flammable liquids are covered in 49 CFR 173.118 
and 173.119. Conformance will be for all shipping. These 
liquid wastes should be turned over to DLA as their 
responsibility for disposal. 

VI. NITRATE ESTER SLUMS (69,000 lbs./year) 

These slums are not listed and approval must be acquired 
prior to shipment. Due to the nitroglycerin, this 
approval may not be obtainable or the restrictions 
required may make it impractical. The wastes in this area 
are anticipated to be a problem in transporting off-post. 
Open air burning, if permitted, may be the only viable 
option for these wastes. 

VII. PLASTIC BONDED EXPLOSIVES (1,100 lbs./year) 

Minimal data is known. It is assumed that these will be 
classified as high explosives and conform with 49 CFR 
173.61 and 173.87. 

XI-15 

'1 

1 

I 

) 

I 



I 

j 

-I 
I 
! 

VIII.CONTAMINATED WASTES (518,000 lbs./year) 

No problems are anticipated in being able to ship these 
items. Preparation of these items will be an important 
consideration from an economic and practical standpoing. 
If these items are considered a hazardous waste, a 
recommended packing method must be established. EPA 
Region 4 and 7 and the state of Wisconsin have ruled th~se 
wastes are not hazardous and that they can be treated as 
municipal wastes. If the same ruling could be obtained in 
Maryland, the disposal would be greatly simplified. 

In summary, no major problems are anticipated in shipping 
the majority of wastes listed in Table XI-1. They can be 
legally and physically shipped; however, the economics in some 
areas may make them prohibitive. 

The following items are anticipated to require testing and 
approval by the agencies listed in 49 CFR 173.86. Because the 
composition of many of these items could continually be 
changing, approval is very questionable. 

Standard Arm Propellant Heels (uncured) 43,000 lbs./year 
\ 

2.2 Jato Heels (uncured) 8,400 lbs./year 

Reject Composite Mix (uncured) 3,000 lbs./year 

Nitrate Ester Slums 69,000 lbs./year 

Sawdust Slum (otto fuel) >5,000 lbs./year 
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C. Discussion of Off Site Disposal possibilities and Costs 

It is evident that some of the NOS wastes will not be 
practical candidates for movement on public highways or 
railways. Disposal of NOS wastes at some off-post facility 
will necessitate considerable revision in the methods that 
are now used to accummulate and package wastes for on-post 
disposal. Safety requirements for accummulating and packing 
energetic materials for direct transfer to the on-post 
disposal area are miniscule compared to the precautions to 
be observed in packaging these same energetic wastes for 
long storage intervals and movement over public highways or 
railways. Estimates ranging from $0.50 to $1.20 per pound 
were given by experienced Army and Navy operating personnel 
for packaging propellant wastes that do not require size 
reduction. Navy operating personnel further estimated 
costs of $1.50 per pound to cut large propellant grains 
into sizes that could be packaged in conductive plastic 
bags and the standard lever pack. This estimate is based 
on using equipment and facilities now available on NOS. 

It may be possible to reduce cutting costs if the large 
propellant grains to be cut can be accummulated until a 
quantity justifying a production run can be collected. 
Much more extensive details relative to NOS production 
operations would have to be obtained to enable a more 
comprehensive estimate of cutting and packaging costs. 

For the purpose of this analysis, $.85 per pound packaging 
costs and $1.50 per pound cutting costs are being used to 
obtain an order-of-magnitude cost estimate for off-post 
disposal. The results are summarized in Figure XI-1. 

Approximate cost per short ton to ship munitions from 
east coast location to each of the DESCOM and ARRCOM 
Ammunition depots for disposal is as follows. These 
are based on our current understanding that shipping 
for PEP wastes are the same as munition or explosive 
shipping costs: 

Ammo Depot 

Anniston, AL 

Crane, IN 

Ft. Wingate, NM 

Hawthorne, NV 

Letterkenny, PA 

Lexington, KY (Blue Grass) 

XI-17 

Shipping Cost 
per Short Ton 

$107.00 

87.00 

222.00 

268.00 

48.00 

102.00 

an 

costs 
costs 

\ 
I 

.~ 
j 

. I 

·1 

! . I 



" I-t 

GJ 
C 
;0 
rr1 

X 
I-t 

I 
....... 

OFF-POST SHIPPING 

WASTE GROUP (exclusion itema) AMT. COST* COST TOTAL 
(LBS.) TO PACI< TO SHIP 

I. SINGLE a DOUBLE BASE PROP. 634.500 1,134 K 19- 95 K 
1,153 K-
1,2.2.9 K 

2.. COMPOSITE PROPEllANTS/INGR. 119.500 102K 4-18K 106-120K 
(STD. ARM PROPS.HEELS-UNCUREq (43.000) 
(2.2 NATO HEElS- UNCURED) (8,4001 
(REJECT COMPOSITE-UNCURED) (3,000) -

3. FlUROCARBON PRO~ 300 .26K .26 "\30K 

4. END ITEM ORDNANCE 25,000 21.3 K .1-3.1 22-25 K 

5. FLAMMABLE LIQUIDS 5.000 

6.(NITRATE ESTER SLUMS) ~69.000) NOT RECOMMEt OED 

1. PLASTIC BONDED EXPLOSIVES 1,100 1-1.5K 

--- ----------- --------
8. CONTAMINATED WASTES 518,000 INSUFF CIENT ~ATA 

it ASSUMED COST TO PACK- .8S/lB. PACKAGE,1.50/lB. CUTTING 

, ,0' 

APPLICABLE 
REGULAT IONS 

49CFRT72.I(1).-I02 
49CFR 113.19/92..118 

49CFR172.10I/102 
49CFR 173.86 
49CFR 173.86 
49CFR 113.86 

49CFR 172.101 

49 CFR 112.101/102. 
113.19 

49CFRlll.854 

TRANSFER TO Dl' 

49CFR173.86 

49CFR 172.101/102 
49CFR171.854 

------------
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Ammo Depot 

McAlester, OK 

Navajo, AZ 

Pine Bluff Ars. , 
-:: 

Pueblo, CO 

Red River, TX 

Savanna, IL 

Seneca, NY 

Sierra, CA 

Tooele, UT 

Umatilla, OR 

AR 

Shipping Cost 
per Short TOl1: 

159.00 

250.00 

140.00 

185.00 

108.00 

119. 00 

61.00 

299.00 

245.00 

299.99 

Disclaimer: The above information must be considered as 
approximate. It was not possible to obtain accurate shipping 
costs estimated by experienced government transportation 
personnel in time for inclusion with this submission. An Army 
report recently completed reported costs for shipping munitions 
from each of the depots to the Navy port of Earle, New Jersey. 
These costs provide a rough economic basis for selecting 
candidate disposal locations. Shipping costs to private sites 
should be comparable for the appropriate distances and 
geographic area. 

Reducing the disposal mission at NOS would have some adverse 
impact on employees now engaged in this work. In that it 
appears to be impractical to ship all wastes generated, there 
will as a minimum continue to be a requirements for some post 
disposal capability. 

The contaminated wastes (List VIII, Table XI-1) would be 
extremely difficult to package suitably for off-post movement 
if it is considered as "hazardous waste." A precedent 
established by EPA Region 4 may alleviate this problem. Region 
4 determined that the small amount of energetic material 
contqminating the rags, paper, dunnage, metal parts, etc. did 
not warrant regulation of these wastes under RCRA. Region 7 
EPA and the state of Wisconsin have since also accepted this 
precedent. The Army is currently pursuing a nationwide 
acceptance of these precedents. A favorable decision by EPA 
could make movement of the contaminated waste from NOS 
feasible. It is expected that the low density of this material 
will however increase its shipping costs above the other 
wastes. 
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Disposal at Other Military and Government Sites 

As a first attempt to accomplish this task, letters of inquiry 
were sent to both Rock Island Arsenal and Huntsvil1e Division 
of Corp of Engineers soliciting information regarding potential 
government disposal facilities. Copies of the letters are 
attached at the end of this Section. To date no replies have 
been received. Replies will be incorporated if received in 
time for the final report. 

It is our understanding that prior to 1 October 1977, each 
service was responsible for management of its individual 
Conventional Ammunition requirements. On 1 October 1977 DOD 
assigned the Army as the Single Manager for Conventional 
Ammunition (SMCA). As the SMCA the Army assumed responsibility 
to procure, manufacture, and dispose of all ammunition, 
propellants and explosives for conventional weapons. 

Approval for an Army installation to accomplish the work would 
have to be obtained from the Darcom Headquarters, Eisenhower 
Avenue, washington, D.C. It is anticipated that Darcom, in 
addition to requiring funding to cover costs of the operation 
would solicit manpower spaces equivalent to the work to be 
performed. 

Several Army Ammunition plants (load lines) and Army ammunition 
storage depots have the capability for either partial or total 
disposal of all the NOS wastes. Army Ammunition depots may be 
better candidates to accomplish the NOS work. Ammunition load 
lines report to the CG ARRCOM at Rock Island Arsenal. The load 
lines are manned by contract personnel and their numbers are 
very specifically tied to the mission workload of the . 
installation. Demilitarization of munitions and/or energetic 
material, other than those generated as wastes or rejects from 
the production line, are not normally a mission of the load 
line. All except three of the Army Ammo depots report to the 
CG DESCOM located at Letterkenny Army Deport Chambersburg, PA. 
The depots are staffed with career civil servants and 
demilitarization/disposal of munitions and energetic materials 
is a regularly assigned mission of each depot. Three Army ammo 
depots, all formally Navy depots report to the CG ARRCOM. 
These depots have the assigned mission to manufacture munitions 
in addition to their ammo receipt, storage, issue and 
demilitarization mission. Two of these depots, McAllister and 
Crane, are staffed with civil servants and Hawthorne is 
operated by a contractor. 

A point paper prepared by the Naval Audit Service has 
identified a number of facilities that would be capable of 
disposing of all or part of NOS ordnance waste. Among these 
facilities are: 

Radford Arsenal - Virginia 
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Lone Star Arsenal - Texas 
Pine Bluff Arsenal - Arkansas 
Picittiny Arsenal - New Jersey 
Western Area Demil Facility - Nevada 
Louisiana Army Ammo Plant - Louisiana 
Sunflower Army Ammo Plant - Kansas 
Iowa Army Ammunition Plant - Iowa 
Tooele Army Depot - Utah 

Our review of available Army facilities for hazardous waste 
disposal disclosed that Savanna Army Depot, a sub-depot of 
Letterkenny Army Depot would be the best Army location to 
provide disposal services. Savanna has excellent material 
handling facilities, storage facilities and both the 
contaminated waste processor and explosive waste incinerator. 
We understand that these new facilities may not be fully 
workloaded and could accommodate the shippable NOS wastes. A 
wet scrubber would have to be added to the Savanna pollution 
control system to permit processing of the AP wastes. Shipping 
costs to move the entire 686 short tons of NOS wastes to 
Savanna would be $81,658. 

It is our understanding that NOS currently ships their end 
items ordnance generations to be demilitarized in the new 
deactivation furnace facility at Earle, NJ. It may be possible 
to either augment or modify the Earle facility to upgrade it to 
the "Explosive Waste Incinerator" standards. Additionally, wet 
scrubbing to permit handling of AP wastes must be added. This 
would permit disposal of a large portion of the NOS.wastes in a 
relatively close Navy installation. Use of the Earle facility 
may also be enhanced if movement of the wastes would be 
accomplished using Navy barges. It is anticipated that the use 
of water transport would greatly minimize packaging 
requirements. 

The following figures (XI-2 and XI-3) identify the Army 
ammunition plants (load lines), their geographic location and 
their EWI/CWP facilities for disposal of manufacturing wastes. 

A small contaminated waste processor facility is under 
construction at Lexington/Blue Grass subdepot and should be 
available for operation in early 1984. A combination small CWP 
and EWI facility is also under construction at Savanna subdepot 
and is scheduled for completion in 1984. 

Data sheets extracted from TM 0-1300-277 identify the location 
of the ARRCOM and DESCOM storage sites and their capability to 
demil/dispose of munitions and/or energetic material. This 
information has been included in the Appendix. 
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FACt LITY INCINERATOR LOCATIONS 

INSTALLATION LOCATION CWP EWI 

BADGER BARABOO,WI OPERABLE S.U. -

IOWA BURLINGTON,IA OPERABLE L.U. OPERABLE 

KANSAS PARSONS, KS OPERABLE L.U. OPERABLE 

LEXINGTON LEXINGTON, KY S.U. UNDER CONST. --
BLUE GRASS 

LOUISIANA .. " SHREVEPORT, LA OPERABLE 

MISS I SS I PPI PICAYUNE, MS S.U. UNDER CONST. 

SUNFLOWER 

SAVANNA 

LAWRENCE, KS L.U. UNDER CONST. 

SAVANNA, IL S.U. UNDER CON ST. EWI UNDER 
CONST. 

FIGURE XI-2 
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FACILITY INCINERATOR LOCATIONS 

IOWA AAP 
CWP/EWI BADGER CWP SAVANNA (CWP/EWI) 

SUNFLOWER CWP 

LEXINGTON BLUE 
GRASS (CWP) 

CWP 

LOUISIANA EWI 
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Conclusion Regarding Off-Site Disposal at Military or 
Government Sites 

1. There are several Army installations with capability for 
disposing of most NOS wastes in an environmentally 
acceptable manner. None of the Army facilities have wet 
scrubbing equipment in their pollution control systems 
required for control of halogens when processing AP 
wastes. 

2. Sorting, preparing and packaging of NOS wastes for off-post 
shipment would require additional operating personnel and 
result in higher operating costs. 

3. All wastes could not be shipped off-post, therefore, some 
disposal capability would have to be maintained at NOS. 

4. Use of Army disposal facilities would be expensive because 
of shipping costs and operating charges. Army personnel 
contacted also indicated the possibility that personnel 
spaces would have to be provided in order for the Army to 
provide this service. 

5. The cardinal safety rule in handling energetic material is 
to use the least number of people with the least number of 
operations for the shortest possible time. Packing, 
storing, and shipping wastes is counter to this time-proven 
safety rule. 

Private Industry Sites and/or Companies 

In addition to government sites for disposal, private industry 
was searched for companies capable of handling a portion of the 
NOS waste. In the opinion of several companies contacted the 
technology exists for the disposal of waste propellant from the 
NOS. Based upon the attached telephone logs, it appears that 
at least three companies would be capable of off site disposal 
of some of the materials. These three possibilities are as 
follows: 

(1) SCA Chemical Waste Services of Boston, Massachusetts 
at their Chicago, Illinois incinerator; 

(2) Energy Systems Company (ENSCO) of Little Rock, 
Arkansas at their incinerator in El Dorado, Arkansas; 
and 

(3) Rollins Environmental Services, Inc. of Wilmington, 
Delaware at their incinerator in Baton Rouge, 
Louisiana; Houston, Texas; or Bridgeport, New Jersey. 

(4) Hercules, Inc. since they ,serve as operating 
contractor at several previously listed Army 
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ammunition plants this may be a duplication of 
"previous government facilities. 

While off site disposal by private industry is technically 
possible, it does not appear to be without significant 
obstacles. The minimum requirements which would have to be 
fulfilled, are as follows: 

The companies indicated that they would first have to conduct 
trial burns at the Navy's expense, in order to obtain the 
necessary data for bidding on a yearly disposal charge. The 
waste propellant would have to be packaged in combustible 
containers that would be fed into the rotary kiln incinerator 
and shipped in "accordance with D.O.T. regulations as discussed 
previously. The size of the combustible containers would have 
to be determined by the trial burn. The trial burn would have 
to be fully instrumented and witnessed by an independent 
inspection team (The independent inspection team would verify 
the results for EPA.) in order to gather necessary data for 
bidding and obtaining a permit. Even before bidding on the 
cost for trial burns, samples and an analysis of each type o£ 
propellant would have to be provided to the company. There is 
the possibility that some of the composite propellants might be 
incompatible with the refractory lining of the incinerator. 
A bunker at the site for storage prior to disposal would 
probably be required. Transportaton and packaging costs would 
approximate these previously discussed for government sites. 

From the government's standpoint the requirements would be as 
discussed below. The following guidelines apply to the Army 
and it is presumed the Navy would be required to follow similar 
procedures. The following guidelines were excerpted from a 
report prepared by a blue ribbon panel under the direction of 
DARCOM in September 1982. 

Present guidelines stipulate that the Army pay the outloading 
and shipping cost to the contractor's plant at which point the 
contractor would assume responsibility for downloading. Final 
determination for transportation costs would be as agreed to by 
the government and the contractor and would be specified in the 
contract for sale. 

Pre-award surveys would be required to evaluate the adequacy of 
the contractor's processes and demil equipment. A pre-award 
survey review board would be established to review and 
approve/disapprove pre-award survey reports. A pre~award 
survey monitor would be th~ designated person at the sales 
office who would administer the pre-award survey. A team 
coordinator would coordinate a pre-award survey, make 
arrangements for plant visits, and conduct team conferences. 

As a minimum, one on-site inspector to certify that the 
ammunition had actually been demilitarized would be required at 
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each demil site. Depending on the specific operation, 
additional government inspectors may be required to ~rovide 
adequate site or shift coverage. 

One factor of great importance with regard to private 
contractors is that of liability. A memorandum from the ARRCOM 
General Counsel Office, dated 17 February 1982, concerns the 
legal implications of off-post demilitarization. The question 
addressed in the memoradum is, "What is the best contract 
format to be used in off-post demilitarization for ammunition 
in order to limit government liability arising from potential 
accidents?" In summary, the memordandum recognizes the 
infinite number of possibilities where the government might be 
held liable in an off-post demil situation and gives rise to 
the wide spectrum of the government liability problem. Cited 
as examples are instances where the contractor actually became 
a de facto agent of the government (making the government 
equally liable for negligent acts as the contractor), and where 
the contractor was found liable for injuries incurred during 
demil even with government supervision. The memoradum contends 
that there are three major options available to the government 
when contracting demil operations. 

a. All-in: The government provides demil procedures, 
supervisory and inspection persohnel at the 
contractor's facility, and takes every safety 
measure to prevent an accident. 

b. All-out: The government avoids as much 
involvement in performing the contract as 
possible, with the exception of providing 
appropriate personnel to certify demil. 

c. In-between: The government consents to perform 
certain functions, i.e., pre-award surveys, 
providing some data concerning the ammunition 
items, etc. 

The "All-out" option may appear to be the best for the 
government in that it limits avenues for government liability. 
In other words, the government's legal liability for accidents 
may be reduced due to the fact that the government essentially 
turns over the ammunition and allows the demil, using 
contractor developed methods with no government control. 

It must be noted, however, that in reality the government is 
rarely is a position, with a contracted sale, of no liability 
and that it is virtua~ly impossible to contract away all 
liability in advance. 
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D. Permits and Five Year Projection 

As part of this task the ability of each potential 
disposal site (either government or private) to continue 
to operate in the foreseeable future (5 years) and obtain 
a Part B permit when required was to be evaluated. 

Several potential government sites for disposal of the NOS 
wastes have been analyzed for their ability to be able to 
continue disposal over the next five-year period. This in 
essence is the site's ability to obtain a Part ~ permit 
(if requested) to operate their facility. Of the sites 
now disposing their own wastes, the incineration systems 
can be broken down into three basic types and likelyhood 
of permitting in the future compared. 

1. Air Curtain Incinerator - Radford is now operating an 
a i r curtain inc i nerator to disposte of the 
contaminated wastes. This method cannot meet air 
quality standard for a Part B permit and will be 
forced to shut down when the Part B is requested. 

2. Contaminated Waste Processor (CWP) - Currently there 
are five CWP units either completed or under 
construction at the locations listed in the chart 
below. The CWP has been designed to comply with all 
requirements for the Part B permit. However, EPA's 
Region 4 and 7 and the state of Wisconsin have all 
ruled that the contaminated wastes to be disposed of 
in the CWP are not hazardous wastes. They have been 
defined as municipal wastes and therefore, the permits 
were not required in order to construct and operate. 
These 5 CWP sites will be able to dispose of 
contaminated wastes over the next 5 years. 

3. Explosive Waste Incinerators (EWI) - There are 
operable EWI unlts at t h e t h ree sltes listed in the 
chart below. The EWI has been designed to comply with 
all areas required in order to get a Part B permit for 
the facility. 

Army Ammo Plant Location CWP EWI 

Badger Baraboo, WI 

Iowa Burlington, IA 

Kansas Parson, KS 

Louisiana Shreveport, LA 
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Army Ammo Plant Location CWP EW! 

Mississippi Picayune, MS Under Const. 
Small Unit 

Sunflower Lawrence, KS Under Const. 
Large Unit 

Conclusions and Recommendations 

1. Transporting wastes off site for disposal with a few 
exceptions appears to be unfeasible from a'preparation and 
transportation cost standpoint. 

2. Potential liability when using private industry would also 
be a serious drawback. 

3. A more cost effective approach would be to construct 
additional size reduction facilities and disposal 
facilities at NOS to dispose of many of the wastes, and 
dispose of the few off site which can be transported and 
disposed of economically. These new facility options are 
fully discussed in Section X. 

4. 

5. 

6. 

7. 

The Navy should solicit EPA Region III approval of the 
Region IV percedent established .on contaminated wastes. 

The feasibility of upgrading the Earle deactivation 
furnace should be determined. The suitability of the wet 
scrubber available from the FBI for use on the Earle 
furnace should also be determined. 

Barge movement of NOS wastes to Earle should be 
investigated. 

The Navy should officially querry the Army (DARCOM) about 
the availability of Army disposal facilities. 

8. Non contaminated liquid wastes such as solvents should be 
transferred to the custody of the Defense Logistics Agency 
as disposal of these wastes are their responsibility. If, 
however, the liquid cannot be certified as being free of 
explosive or propellant ingredients, they can be disposed 
of through the DLA. 
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EL DOI~~'-I)() EN(;:rINEEI~ING INC. 
HAZARDOUS WM.lI. SPECIALISTS 

Mr. Herman Baren (DRSAR-MAD) 
U.s. Army Armament Materiel Readiness Command 
Rock Island Arsenal 
Rock Island, Illinois 61201 

Dear Mr. Barenl 

June 22, 1983 

El Dorado Engineerin~. is current ly l'erforminl~ as a subcontractor 
to Booker and Associates to provide 11. I;tudy to the Navy addressing 
their propellant and explosive disposal facilties. Part of this 
contract provides for our investigatin!'. off-site disposal services 
within other government agencies. Ar~ you aware of any facilities 
which you believe could pt'ovide a disDosal sarvic~ for the propellant 
and explosive wastes currently generated at Indianhead? If there is 
significant interest, we · .. oiJld ~lad ty provide details as to the type 
and quantities of material for which ,Usposal services may be desired. 

RWH/gh 

Sincerely, 

'~.''7I .7Ier:,y;} 
" AI It / ',/ . 

RALPH W. HAYES 
President 

ReDWOOD PLAZA • ~60 SOUlI! flEDWooD 11011.0·· SAL 1 tAKE GIn'. UTAH 84119 • (801) 973'()330 

.----~--... 
--1= 

I 

j 

I 
I 

I 

J 



. , 
. ' 

EL DOR.A.l)O EN(:;'INl~I<;RING INC. 

Mr. Jerry Gregg 
Department of the Army 

HAZARDOUS ""AMl. SPECIALISTS 

Huntsville Division Corps of Engineers 
P.O. Box 1600 West Station 
Huntsvilie, AL 35807 

Dear Mr. Gregg: 

June 22" 1983 

El Dorado ~ngineeri.ng is currently performing as a subcontractor 
to Booker and Associates to provide a Htudy to the Navy addressing 
their propellant and explosive disposal facilties. Part of this 
contract provides for our investigating off-site disposal services 
within other government agencies. Ar~ you aware of any facilities 
which you believe could pcovide a disnosal servic~ for the propellant 
and explosive wastes currently generated at Indianhead? If there is . 
significant interest, we ~ould gladly J1rovidc details as to the type . 
and quantities of material for which disposal services may be desired. 

RWH/gh 

Sincerely, 

RALPH W. HAYES 
President 

RF:DWOOO PLAZA • 3460 SOUTH REDWOOD nOAO • SALl LAKE CITY. UTAH 84119 • {8011973.()350 
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O/!~/(/JtVceS771T/O'¥ orF /JASF /IT ~A'/j/A7/': /IV,tJI/ST/fY S/T£S: 

J 

~/(. CI:;-GI/:LSI(/ 5/}/~ 7//l9r T//E TCC/l'//$Lt(.=-Y ~/fESE//7L.'y 1 

"I 
EXISTS rOlf 77/E //VC/#Ed/lT/~/V Or yVAS'76- ~Ao/'cLL////-:S 

no//! //11)/41/ /lE/l/) , /IE /O///7€IJ ol/r T///lT T//t:- /1'07/)/['/ 

!(IL/.-F //(C///0'/?7hf' }//oV'l.tJ IJc 7//;: A'cST W.I9Y TO 

AC/lIEVt: rl//-S: ;?"OWEVC:-.-f,' //t!: W~/yT 0/1/ TO /c///r cdT T///lT 
I 

/IE ;=-£l.T T/(/1//S'/'O/(T/1T/O/o/' /'!(t-6'L.E/,fS /.'VOVL(J //?L::c~t/4E 

OF/=- M sF £)/S/os/lL.. 77'?/JHS/'e,fT/f'7/c¥ / // /lce o/'t)/}//CE }/,-'l7#-

~ 0. To /[""CY(/l T/(J//S jI11"d v(t) 6'1: t/r:,:I\Y L~~//;?'.:.>/?E. /7Z,('c/( AJrJ/7 

/IE rtl..T 7//4T /T j1l'o&l(a Bs /'~!./TIC/-t!..L), ~'/;'7e:-1//J~Ll: 
• 

7-0 P./'/!.J/,'/T 711t: /rjIJTL/ //'(,. /0/1' err ,6~)S'L" L}/.r/,·S/lL. 

Is Action Req'd By: Booker --- Party Above __ _ Other ----
What Action Req'd: -----------------------------------
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Project No: E-2278 Date: A1/9y 3~ /f£i 
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Project Name: Of'tJAI/-'/lct-- LI/5/,aJVJL: STt'.rJY Time: 2: /5" --AMfPM 
• 

From/To Company: /)11 rA'L::- C ~/{ /' 
City, State: ./i1c.-LI7l//, VA. 
Individual's Name: G/tlG V06~-L 
Phone No. (area code): (703)- 821'--{' 000 

i • 

, . 

Subject Discussed: LJI.s/'~s/Jt. OF 1//)z/}tf~O(/S /,I.·0sTl:-- F/?c,,;l /1'{~//1I'/ HEAl) 

a1tJh'lJ//cF . ST/JT/O/l' OFF ~/JSE /)/ //!'/{///7F ///~{/Sr/('Y 5/rc=s: 

AI/!. Va Ct-Z S,1/~ T///IT 77/c 7L:c////tI.6Cl £,(/STS rO/l ////:
//(c///t:.·-,f/lT/(J/y' oP J1'lJSTC' . /'A 0./,6 Lt. /)///..5' r/l (/}j /;tl/J//J";- //Cf':"1 

IJYT /It!: /7::1./ ///':;';-- //'" ~~/.Jc/UJ//'r e&E' /%';! 77c.,~]L /"0 

j)/S/aSe 0;= VI&;1 Or? tf/JSt.=, T/P/9nS/~/?7/J770/,/ Fa/( 

orr cylSF LJ/S/,OS/?~ /K ACCC/'P/Jr/c~ /-1('/7// 1).0,7; 

1?£6~t.'t./17/(/~ S lYe ClL f) t9 E:- j/EA')" c'-:{;r-e~j'.tf"'~ /~/ /?1Jt)IT /(IV} 
/It: Ftl.]- l~~~}'I)r /)~- 11/~{lLtJ /Je ro(J~/77C/lL?y (//r/TC/;'i;/}{C 

To T/;/I//..rr(/(T T7//f- /ll/lTCX//lL h":j{' oFr &J.sE /.J/.J/-'tS/?/... 

Is Action Req'd By: Booker --- Party Above ---- Other ----
What Action Req'd: -------------------------------------------
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City, State: 'JErrl:/!StJrl C/;-f, t!10. 

Individual ' s Name: 111Jf(61? A / S/E 55 /i,f/J 
Phone No. (area code): (3/& C,3C - 7/ Ofl- . 

Subject Discussed: 11 O. T. !P£Ct//../lT/c,vS G OVC!7///tt/a 7/'/1/',-:5/:/./"/,7/0/ 

Or 1//l:7A/(J)(J os W/1S7.r:_) I7fO/J1 /#£;//11'/ //t:~.!) 0.1 c.¥h'l'l/c&:-
» 

Fa/? Orr 8/-}SE /JI..s~os/Jl. 11 erA' 
//l /? 7S /00 - / l/ va V 1:./ N'. 771 t: /10 Y L Sly (J viI) 

1(.)[:'111/ F Y trill {:,( ~~ /7//;;'..' j//.'/(/ fi t/ S ' fA?; s7E S //lL. L 
• 

//1' 7/J4t~ 17t? .. /0/ Or ,SLC//('/~ /17~ 0/:: 

, rJ //f ,,)/ /.'!C~~- 7// E./ /;Yf~C' //~'/ /' L /?/{ J./'//" /: J .I>;',. 'L:-
" ~ 
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GovC/?// //o{{/ 7h~~Y yVft/LLJ ////VL;" 7() L~- 77(/l//s/-:/.,,/z,, 1 
I 

Is Action Req'd By: Booker --- Party Above __ _ Other ----
What Acti on Req'd : ___________________ _ 

~. {l ~ /-> - "1~ ///1 
BY: ~~~4"-'7_'-- ~_ /V?~~ 
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TELEPHONE LOG 

L::- 22 78 P roj ect No : __ L.:::.. ____ --=--__ '---____ _ 

Project Name: O"f.oAl/?....vc'€ I)IS/OSAt., Sr(/~y 

From/To Company: 5 C /I SEIfV/C£S 

City, State: ;8oSTO/Y. dldSS:' 

. Distribution: ---

Date: JONe IS; 1'83 
I 

9:30 Time: / Wi/D 

I 
Individual's Name: /11~. L90YL/I/~.() 

Ph~ne No. (area code): (r;/7) - 3i7 - 83 00 £~r COS 
Subject Discussed: f)/S/()s;')l. or /!,17../)/t20f/S Y/.liS'7E' r/?OM ///()/;t;// //£.;;'1) 

Qf.dIII?II~ ST/;TIO// orr 13 A ss. /.Jr )'A'/ Y/t-TE /Iv.()(/ST/?Y $/TES 0· , 

A1,f . .80YL/Jll~ SA//) T/lAr TilE T£C/I//PLOCY £;(IS7$ /J~'~ 77#7 ///.5 c o/.r//.'I'-?' 

/J/~'~ n-='o Ol/.'I/!S (SISco Lac/led /il- LIT7::.1? fiNK, /'/.'/\" /.I'.,ft:) /? 0 LL/,.,'s 
/ 

£6(:'-11(" 11/ ~[L' /07l:?/'T//.!.LY C(;t~/~ {}/~651:.- of lA'l1S.1ES r-/?C/A il/f)I/i/',/' 

/11:/10. /lOi~/€VE..e, o;VE Or TilE Co/"!/h"l/IES 11'C-tlLL} .Fi/lJ7" I//;/r To CC/"4{'cT A 
. J 

TIM! ~tI/)1 /iT mE #AVY} EVENS/: III O/fPE£ TO 0877:,// Tilt: /VECESSAI: iJATI'1 

Fo( ,811JiJIR(i ON fi YEhf.'LY J)/SI'"SAL. c///!/.'G'E;. 711£ vVIJS1&- /!forELL/lo/l" H'(n./J III)J-'c 
• 

To $c ,-A/icr.r.c£~ /1/ c;.4;/,}.t'!ST/~Lc CulT};'//./c/lS T/I/JT WotlL/) At: ;=E~ /ft!TO 7J1F' 

IHCltYEA'IJTOA'S, 7J,'lnL -<SI.!I?H I¥t'{/U' /l/lvE To ~F j=tlLLY //lSTJ({/h-1E/.;TeD A//f) 
• 

W·llt:~E~C-.!7 8}' 1';'/( /i!ft:;;tl.'1[/i/ Ilfs/I.c.TI(t/ ZlIJ/J1. TIle //Ilvy W~"l.LJ /lAflt: TO 

//.(114£= 5rt.,/ll-.f /JI/L; /;1/ /i/.~')'sl.5 Or 61c/1 7[/£ ()EI'!;1!I:!J.Allr /Alo/t To TIlE 7/;;::1. 
et'tfl/. /,c/.I.-'I.r;;n.'r fJ/S/'~S/lI~ W(e!lt' ~/{!3/)6lY /!EP;""/E /? l:.-·,:/(!: /7 7//[ 5//L~ 

I s Action Req I d By: Booker Party Above Other ----
What Action Req' d : ______________________ _ 

BY: .21J~ C. )~ 
Note: Please complete each le7an:hiS form. 
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Project No: E - Z 278 Date: JV,-/ ~ / J 83 
/ 

Project Name:' O~/)If/)/'Icl: f)/S~OSAI. SrutJY Time: / /.30 Nt/PM 

From/To Company: /fOLL/NS E/tV/A'OIY/;1(.='/,/mL Sl:-/fV/CES, INc. 

City, State: . W ILfiflN'CTo,v, /)EL. 1--: 
, J 

Individual ' s Name: /11,t(! 8/fYA/I T~AYIYO,.f 

Phone No. (area code): (30z.) - 121-2700 

Subject Oi scussed: [)I 5~oS/-JL. OF /111 Z/J/(fJOIIS V,14STE F/(O/Y! /101/)/1)/1 I/E/J/) 

QI?IJN/)/lce SrATlO/o/ 0;:;= IJ/1SE" /IT fJt?/VATl:- /tV/JI/S7'/?Y SITES: 

Id,f TIiAYtfo!t $/)/0 T/ll1r //1$ C~/t1/'/lNY CovLI) rosS/slY 
~ , 

IJISr'oSl: Or Yv/JSTES ~~1i1 ///t!J//J,v //E/J.tJ. 71/~/ IYnV~ T/,-I{'~r 

/(crl:/l( If""""!:!/' ///C!/~/c"/i'/17-t:/lS 'i.(iCfl16./J /// I'S/Jl'l1a/ /?(:(lC,) _ LA) 

//0" STtJ/~ T~.r/l..s! ,4~//) Mlf;C'f/,C/.'T; liI' .. :r. ACF~1f1: /,1EcI:~/#C; 
) I / 

/ill)' 'Fcll:rl/c/? 7#1:. YVdtlLLJ A'~ (/1/11: /J COA1/L..er~ ~cSC/{//'T/(J/Y" 

/tl/d C//&11/( /It. /J/,"/if.}'SI.: OF /)'-L Till: /;tt?Tt:/(II9'-S F/{'OAj T//6-

Il/}~~Y. /IE SA/L> 7#AT //~ y.rOc/lA SEIl0 /lIE /l CO~)' ~r 

7//1: Q(/cST/{)/IA~/tfE' 77//lT l{-'(}(/LtJ //t/V€ 7t IJc rILLE!) 0(.11.-
e 

J 

: ) 

, ) 

, -I 

filE' A6f/.1JI/It.£lJGELJ 7/1/ir SCA SElfrlc!ES /JT 1111.'/;( c/lrC'rlC(J Iit,b/.'£/?/JTOi 
I 

/lli//) E/ySc(J /iT TIlE//! LlTTl.E Reck, /}/"/C //./-I//,'£/(A7f'1( COl/Lf) ALSO I 
~(/lIIT//;{J.Y Ill:'/!)!..!: 7#1:- li/lZ:,/J/f-'lJo(lS l~'/7S;-E rAC,;,l II/'Olllt/ IIC/)IJ. 

Is Action Re~'d By: Booker Party Above Other ----
What Acti on Req' d : _____ -:--_______________ _ 

I 
J 

BY: /'2~~ e JU?j!? . 
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Note: Please complete each itef'on this form. 
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Project No: £-22..78· 
Project Name: OI?');/~/'/Cl: /J/SI'OS/J'- STt/f)Y 

From/To Company: 5 C A SE/fJ//CC'S 

City, State: . .BaSTe//, h:f/}SS. 
/ 

Individual's Name: M/I. !30YL/)//f) 

Distribution: ---

Date: :!VLY 12.,1283 
I 

Ti me: /0:30 PJIt/i;t4 

Phone No. (area code): ((,17) ... 3~ 7-8300 E;..r ~oS ' 
Subject Discussed: ()ISl'oS/IL OF /I/)Z01?f)O(lS J1I;1STt: FI?OA1/Al}ll?tt' /IE/i/) 

O/fIJN/i/lCI: STAT/ON 'OFF '8/)$1.: 1fT /'/?IV/ITS /A/Ll,LI.57AY S/TES: 
• u , 

A1/?~ .8oYLAI/f) SA//) . TII/iT SC/1 SEt?VICt:S VIOtlLt> (.IT/LIZ'/:-

ITS C'IIICI7GO //ICIIIEIf/JTot rOlf ~OSSI&L.C £;1 S/'CS/J/" Or 

~Ij//?STL.:' /Ac~rtJAIt/TS !7:'t/l·t -11//)1/:/( /lE/JIJ_ /Ie /(E/TE!f/1Tl:tJ 

TlIr9T SeA /rVO(lL~ ///iVE TO ////1/1: S/J/J1~LES AII~ /11/ 

/J1/,4LYSIS Or EACH rY/E o~ ~/?O/ElUl//T //110;{' To T//c T/?/AL 

tSU/f/-/. 7/1~ I'css /O/LIT! EA'/s/-S T/P7r SC/rtt:: Or 7//C C{i/i:/.'(S~7~ 

~/Po/'Et..ljl/Y75 Af/C//T ~-7h'/7 C€ 7/11: !PE.F/?/}r:!.TOIPY l./////i/C Or 7//1.:

/?tTIlt?y i'lf.l/ //vc/l/£~/}7Y.1f.. . HE ~E/TEI?/)lELJ T///}T Sc!A Sc/?V/CFS 

VVO{l~ 8E VE",fy ///i/'/-'j/ Ttl /;1Ec/ /;':'/7# 8oc;;~/? /lA0 TH'E 

A~j/ fir I/IIJ/IJ// /IE/~ 70 Fll/17ft/( ~/S(!tlSs T«(E /;.:I-Y7E%' ;1111:' /ltjll/{!J 
tSOO/(E/. /Ifp Tilt.: 1/111/ 7'0 /1/SI'Ec.r SCA Su;'I'I.::tS l «;II:/,CiO II/Clllt-/?;')TOIf. 

Is Action Req'd By: Booker Party Above Other ----
What Act; on Req' d : ______ -.,--____________ _ 

BY: ~ c. J,0~. 
Note: Please complete each item4 his form. 
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XII. OPEN BURNING OPTION 

General. To this date, ordnancerelate$l waste at 
NOS continues to be disposeq of by open burning. Three 
burning, sftes are used within the boundaries of NOS. 
Pyrotechnics are open burned at a site located west of 
Strauss Avenue, propellantsa't a site at the south of 
Strauss Avenue, and explosiv,e contaminated waste material, 
sllchas shipping containers., are decontaminated by op,en 
burning at'a site 'at the southendQf Cof.fee Road. This 
is an extremely cost effective operatiol1v.7hen compared to 
other methods of disposal. According to documents 
reviewed, the open burning grounds, can be. operated by two 
ordnance workers with part time.supervision. 

ThishCl5 .beeri permitted under cqrrent regulations of 
Maryland Department .. of Health,and MentalHyg iene ,Bureau 
of Air. Quality and: ~oise Control, Regulation 1.0 •. 03.35. 010 
which permits open burning of hazardOUS material where no 
other sate means of ,disposing of them exists. NOS 
currently operates under a facilities permit, Permit 
Number A 223, with an effective date of April 30, 1982 and 
an expiration date of April 29, 1985 issued by the State 
of Maryland· Department of Health and Mental Hygiene. NOS 
has written and requested that the Charles County Health 
Department, serving as Public Officer,. ~sSlue written 
permiss.ion to NOS to open burn waste munitions, but n.o 
replies have been received to oat,e. 

As d,efihed in the Scope of Work for this project., this 
Task consists ofexaminatlon of.current air pollution 
regulations regarding'open burning of 'propellant· and 
explosives, a study of proposed draft regulations~ and a 

,judgment on how long ope.n· burning is likely to be 
permit ted. . ., 

Curre,nt, Air Poll ution Regulations 

Regarding " open burning of ha.zardous material, Ti tl,e 10.
Maryl and Department of Health, and Mental Hygiene, State , 
Environmental Health AdministratiQn"Bureau of Air Quality' 
and Noise Control (amended January 12, 1977) Regulation 
10.18. OJ.01A, states: ,,' "'Hazardous Material' shall mean 
those substances (such as some types of exp10siv.es) Which 
are dangerous and shOUld be' destroyed by oPen burning 
under controlled conditions ,when it has been established 
that disposal by land filling or burning in an incinerator 
perpetuates or increases the danger involved." The waste 
munitions generated at NOS fit the above described 
definition of a hazardous waste. 
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Maryland Air Pollution Regulation 10.18.01, governing the 
control of airpbllution in state Area V (which includes 
Charles County where NOS is situated)r.gives the authority 
o fgrantingpermission to open burn to the " Publi c Of f ieer. 
Maryland Air Poll utioh Regulation 10 .18 .07.04B (3) states 
that the "PubTic:Officer maya'uthorize certain fires. 
Publ iC'Officers, in the performance of their off fcial· 
duties, may set an open fire or give permission fOr all 
open ·f ire,withcdneurrence of the Control OffIcer , ' 
provided all reasonable means areeinployed to minimize 
smoke!f the fire is: necessary for, one or more of the 
following reasons or purposes. 

( 1) 

( 2) 

( 3) 

For thepreventiono:t a fire hazard that cannot be J 

abated by other;rrieahs. 

For the instruction of public fire fighters or indus
trial employees' under the supervision of the 
appropriate 'firecol1trol officia.l. 

For the prbtectionofpublichealthor safety when 
other means for dispqsingof hazardous materials are 
not available.1I . 

A letter dated August .4; 1~77 from the Naval' Facilities 
Engineering Command requested that the Charles county 
Health. Department,serv1ngas the Public Officer,. provide 

'NOS writteppermissiontoopen btirnwasternunitions, 
specifically listed siricieburhihgthis t~p~of materi~l 
complies with reqUirements listed in Maryland Air 
Pollution Regulation 10.f8~OT.04B(3). NOS has received no 
official reply to thi~ latter~ 

The basis for this request 'was the opinion' that disposal' 
of explosives and' explosive-contaminated material by open 

-burning is a necessary and acceptable practice at thiS 
time and that this open burningofpropellant$does not 
violate any airpollution,- Taws or ,regulations. The' 
Environmental Protection Agency (EPA) had previously 
sta.ted that until such time as technology exists to' , 

< d isposeofwas te munitions and exp'losive contaminated' 
wCisteb'yan altert1atlveme'thodthat. "open burning is 
permissible witholit violating existing air po ll,u t ion 
regulations.n ',·EPA recomm~nded that NOS -. coordinate their 
open burIlil1gprogram with: the local. responslbleagency 
(the Charles County Health Department)'. " 

NOS was subsequeritly issued Designated Hazardous 
Substances Facilities Permit A 223 to oPerate and maintain 
a thermaltrea:tment and storage facility. This permit 
expires April 29, 1985. Thispermit'wCls issued by. the ' 
State of Maryland, Department of Health ano Mental 
Hygiene. ' 
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New regulations (or ammendme,nts to existing :t;"eg(qlattons) 
haveb~en iti th~ prep~ratiqn stage fon sometime and were 
expected to be pqblished iri June or July of 1983. It was 
sLp3pectedt.hat these might, have .ane,ffeeton the NOS open 
burd~ng grounds, espe~ioll~,~n the area of ,tighter control 
on allowable ground water~and adjacent surface water 
contamination 6r discharge. These regulations have not 
been released. 

'1'0 QeterIfli\ne their status, Mark Turgep.ofEPA was 
Qontacted'by telephone. "A copy of, the telephone log is 
inclUded in the ApPenQix. Mr. Turgert inQicatedthat new 
requirements will be issued as Sllopartx of 40CFR<pa.rt 
2~4.$cibpart X w$ll, Q~~l with one of a kind or special 
fCl,cYlitiesw:hich wOlllQ probably be interpreted to include 
open bUl;"ning, otpropel,lants" and explosive,s. The ,actual 
requ~rements will be verygeneral generic environmental " 
goals. ,,!,hey may.<i,nd:lcate only, that no- dete·rimental 
ef:f;e,qts on groundwatero.r adjacent wa,tersshallbake 
place. The specific requirements would be upto' , ,_ 
negotiation with the individual State,s or EPA regions or 
their designated officials (such as ,Charles County}. To 
summari 2;.e, 'these draft re9qlatior)s do notappeat to 
greatly ,affect the status qqO at NOS. 

Background and History 

Historically, nearly all DOD PEP (Propellants, Explosives 
and Pyrotechnics) wastes, and obsolete munitions and PEP 
contaminated materials were' open burned or open air 
detonated at military ordnanc~·and ammunition fariilities. 
public sentiment emerged against the practice primarily 
from the, blast wav.epr'oduceddu'ririg largescale 
detonations. This sentiment and the realizati'onof the 
economics of recovery for some of the materials being lost 
by burning, prompted the development of ear1y alternatives 
to this practice for selected items. 

Alternatives developed included washout/steamoutplants to 
recover explosive from bombs and large projectiles, 
deact i vat,ion o,;rpopping" fqrnances to recover;; brass and 
otne,rmetalsfrom smalla.rms and· other small items. The;se 
ea.rly alternative.s more than paid fOr themselves: and their 
oper,~t;ion by thEusaleof the' recovered materials. "'This " 
economic 'consideration for the development of alternatives 
prevailed from the time of these early developments "in the 
50' s to, the latter 60' sand e.arly' 70 's.' At thcittime, 
environmental!awareness:grew~ ehvironm~ntelprotection 
became a popular theme and new regulations ·were developed, 
such ,as the Clean Air Act of" 1970, water po;(lution>,aha air 
pollution controls were required on the earlier developed 
alternatives and thus, thei rio longer were economical to 
build or operate. 
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'These earlyal ternatives' toopen.BurningorHydiverted a 
small portion, of the waste streams being burn.ed or , 

. detonated' and the' practice'contiriuedon a, larger scale. 
wi thanewenvironmentalawareness., .. there. became calls for 
the elim.j,nation of open burn:l.n9 and open :airdetonation 
entirely. .' .', .'. .... ..,: . .....• . . .... 

Un fortunately, it was only assumed that th:Fs" practice was 
a major air pollutorand no data was brought forth as 
evioenceofthe amount or the kind ofpol].ution •.. In fact, 
two<reports,· . "Pollution .FromOpen.Air Detonation" . byR'alph 
Hayesih·1971,.and"open Air Detonat'ion.ofTNT"by Hodges 
and 'Hayes, in 1980 "provide, evi'Oence·thatthe 'actual. '" . 
pollution of air by open detonation. fs very ininhr • "Both 
of.thecse papers are at.tacchedtntheir e'ntirety inth'e 
Appendix .as they>maybe·usefLil inprovidingargumeI1ts'for 
thecontinuationof.openburningandopen air detonation. 
This'glaring;lack-of-evidence.tosuppott jListifica:tiOn for, 
stoppage.of<openburning and detonations for the most part 
still exists. 

Antic:i.patin~ regulatoryrequirements,man'Ybrancheswithin 
the Departrnent ·ofDefense begantO.developalternativesc to 
open burning and open air.detonation.-Thesedevelopments 
include: 

1. Fluidized Bed Incineration 

2. Wet Air Dxidation 

3 •. Rotary Kiln (.Wet Slurry) 

4. . Explo$ivew.aste Incinerator (EWL)·.and;RdtaryKilnDry 
System 

. . 

5 .A.i.r,Curtqj;nUe structors 
. ",\-:'. 

6. ContaminateffWaste processors (modified car bottom 
;incinerators) 

The development of these technologies was a very' 
'formidabl,e 'task when:oneconsldersthe'size redUctioh 
·.reqllirementsand combustion' control' of such a broad range 

of' energetic, material sas;theyexistina broad spec t tum 
o icon fig li rations. 

It w'a,sduring this time period that Public Law 94--S80k 
knqwn<as .theRe source Recycle and Recovery Act was;pass~d 
and .became law.. Th'is instigated the promUlgation of the 
Hazardo~usWasteRegulations'oi. Ini fiat·drafts .b:fthese 

. regulations banned a,llopen. burning. 
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This cr'eated a severe problem for DOD. In order to cornply 
. with, this ba,n, there were tremendous technical,economic 

and time constra·int problems that needed to, be overcome. 
Each: branch of the servi~e began to attack t,hese. problems. 
Also, a joint service~s panel,· JCAP (Joint Conventional 
Ammuniti9nPanel) was tasked to review the EPA draft 
regulations ahd provide official DOD comment. A specific 
q~oup was.organized and so tasked~ 

In 1978, the EPA contracted with the American Defense 
Preparedness Assoctationtoprepare a publication in the 
EnviromentalTechnologySeries entitled "State of the Art 
Stqdy ..... Demilitarization of Conventional Munitions". This 
bec.ame an ,EPA publication'. !The conclusions of this study 
are still valid today. Excerpts are given as follows: 

"D~tonation 

This is a simple,safeand'costeffective process for 
. demil i tarizationof many munitions which are obsolete, or 
unsafe to handle otherwise.· No additional energy. 
consumption .isinvolved. The quantities involved are 
small when compared with the commercial blasting industry 
(over one million tons! year). Use of this process will 
always be required to a certain degree. 

Until the same environmental criteria are applied to the 
use of explosives in the commercial blasting industry, 
there is no reasonable basisforcriticistn of 
d~militarizationof obsolete o~ unsafe munitions by 
detonation. Principal products appear to be C02, 
H20 and N2, all of which are non .... pollutants. 
Covering of the munitions by earth substantially reduces 
noise and particulates." 

"Open Burning 

This is al s.o a simple,: safe and cost effective process for 
demilitarization of munitions which are obsolete or unsafe 
to handle otherwise. Potentialy adequate alternatives to 
open burn.lng are under development, and the ir 
implementation will depend upon the relative balance among 
co~t, energy implications, and environmental factors~ 

Alternatives' to open burning are· in various stages of 
development, and given sufficient funding, should provide 
adeqciate options for the elimination of the environmental 
problems associated with this process. These alternatives 
are reviwed~in section X of this report. Support of these 
development efforts by EPA fund ing i srecommend.ed ,as well 
as more det'ailed evaluation of alternative processes." 
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·Inathorough study of ,this probJ,em,itbecamereadily 
evid~nt that the more imminent danger to life anq preperty 
frem, thisroaterialwasa. result ef its .energetic . 
properties,.net.airtoxin9 frem .open .. burning. Technelogy 
tosaJely dif;poseofallefth:i;srqaterial' in o.ther metheds 
than epen burning/detonatiendicl.net'existand prelonged 
storageweuldcreate/ unwarranted risk.. The.JCAP panel' 
therefere recemmended that EPA allo.wopeh burning efPEP 
materials where developed alternatives di~net exist. 

Thisrecemmendati.on,became·.incorporatedin t'he final·. 
regulatiensas;40 CFR· 265.J82,wh,ichstates: . 

"Qpenburnlngof hazardeuswasbeLsprohibFted'except for 
the .QP~n burninganddetonation.ofwa s te 'explesives ~ . 
waste explesives include waste .which has the petential to. 
detonate and bulk mil i tary prepellantswhich9~nn()tsafely 
be dispesed ef threughethermedes eftreatment. 
Deten.at-ien Lsan explesien ifl 'which chemi'ca'l 
transfurmatien passesthreugh.the material faster than' the 
speedef·sound ;. (0 .33; kilemeters;' secend ae:sealevelJ. 
O~ners ;orepe~ators;c.heosin(Jto openburh .ordetonate 
wasteexplesivesmustdese in accerdclncew.ith the 
follewing table and: in a mannertha.t. does not threaten 
human health er theen~irenment." 

The Stateef Maryland similarly permits exemptien efthis 
PEP material. st.a.te ofMaryland.AirRegula~tien 
10.18.07. 03statestha.tthe centrel efficer may grant 
appreNal feropenburningi f,the follewingcenditiehs are 
met: 

., 

1. No. practical alter;nativete epen burning exists; 

2. No. hazardeus~ air pellutien 0.17 nuisance cendition will 
be created; 

3 • Fire contrellaws .or regulatie.ns of ethergevernmeri t 
agencies will net be.viel'at'ed; 

4. Materials which preduce dense smoke will not be 
burned'; and '. 

5. The material to. be burned eriginates en the premises 
en which . .it .. is to. be burned. 

.' ...) 
Respensible autherities at NOS have efficially requested a 
cencurrence by beth. EPA and. the State ef Maryl.andasto 
their interpretatie.nsef these regulatiensas they appl.y 

. to. Indial'lHead PEP .materials. Both agencies ,agree with 
the Indian Headpesitien that they are allowed to. centinue 
with epenburning. NOS currentli enjeys an Hazardeus 
waste Dispesal permit threugh April 29,1985. 
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C. A,lternativesto Open Burning/Likelihood That It will Be 
Banned 

only two pQ.ssibilitiesexist, therefore, that could cause 
the banning of open burning at Indt·an Head. These are : 

I. New laws are passed. 

2. New technology development cause practical alter-
n~tives other than open burning to exist • 

The possibi1ity of new laws banning open 'burning of this 
mat.erialis"considerably unlikely. ~ogicdictatE:!sthat 
unlessaltercnatives exist to safely accomplish an 
alternative, that risk ofllfe.andproperty far outweigh 
any advantages to elimination of open bU17ning.AS 
reported previously , the latest upcoming drafts do not 
seem to greatly affect the status quo. 

New technology advancement.s anddeve10pment'will be 
real! zed for pra.cticaL alternatives.' It is considered 
highly:unli~e.;ly,however ,thata:sing1e universal system 
will ever be developed that can totaily replace open 
burnfng.It may alsb be that open burning can never be 
totally replaced. Practical alternatives are,however, 
being developed for a significant portion ·of"the open 
burning workload. It is our opinion that the quantities 
now.~ being. open 'burned at NOS can-be reduced and will be 
required to be reduc.ed over. the next few years. 

; 

The 'open burning permit indicates that 517,000 lbs. of 
contaminated waste are burned each year. The Army Corps 
of Eng ineersat Huntsv;ille has recently developed, f ie1ded 
and tested a modified flashing furnace as a contaminated 
waste processor (GWP). Tests have demonstrated the 
ability of. this uni tto meet environmental :st·andards. 
Fuel consumption is reasonable Bnd·onlyminimal 
preparation of feed stock is required. We would thus 
judge the unit t.o be practical.. A more complete analysis 
of this unit as it applies to the NOS workload is 

. ·described in Section x. 

It is believed that in order to remain in compliance with 
the open burning perridt, a program and plan should be 
underway for a CWP unit at NOS. This plan Should be 
started by April 1985, the expiration date, of the current 
open burning permit. Even more des'irable would be to have 
~ unit in operation it possible. 
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1\1 ternatives for the disposal of bulk propellant an(j 
explosives include bringing into operation the wet a'ir 
oxidation facility and fluidized bed facility partially 
completed.at NOS or the ,use of an EWI. (Explosive waste 
Incinerator)or.combinationofthese facilittes~A 
comparison discussion of these units is described in 
Section X. All'ofthese alternatives require some primary 
size ,reduction of the feed rnaterials,however. Therefore, 
a.practicalalternative does not now exist for all items. 

Life Expectancy for Open Burning 

lnorder to.help predict the life expectancy of open 
burn,ingat NOS, ,we sent inquiries to knowLedgeable 
off icialstogaintheir ins1gh t.Copiesof this:liet ter 
are attached. 

Copies were sent to: 

1. Ivan Tominac ofOESO who served on the. open burning 
subcommittee of JCAPand has coordinated very closely 
with us in respect:tothis matter specifically at NOS. 

2. John Byrd, Chairman of· the JCAP panel charged with 
review of RCRA. His panel provided official DOD i 

comments to EPA. 

3. Mark Turgon of EPA, who hasknowledge~of the spec i f i.c 
NOS operation and ,permit • (Mr. Turgon was also 
contacted by telephone regarding newest draft 
regulations. ' 

4.. ColoneL Daly, Director of En v,ironrnen talP61icy. 

To date, only one reply has, been received ahd'a copy. of 
this letter. is' included •. Additional replies will he 
enclosed as they are'received. 

To summarize, the general feeling of those questioned is 
that open burning of propellant waste will contihue to be 
allowed for the foreseeable future (at least five years). 
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EI:.. I)OI~/~_I)() I~NC'(INl~EHIN(; INC. 

Mr. ~van L. Tominac 
Conunander 
Ordnance ,Environmental SIJJ>port()fficr~ (Ol-!SO) 
NavalOx'dnanceStatibn 
Indianllead,ND 20640 

Dear Nt. Tominac: 

April 22, 1983 

El Dorado [nl$ineet'ing~, Inc. (LDl:.) has b(~(;.!n awarded a contract by 
the Navy through Boo)<er and '\ss()ciat~::;to evaluate the propellantilis
posal facility at Indian Head. A _ hey Ls_~ue.thatwilL affect our eval
uation of proposed ,moJific;ltions t.o thisfifcility is, the length of time 
thaLthe pi"actice of oper: :)urllingof 1>1:0l'(~1Iant, ext1losive, and propellant 
and explosive cpntaminat.edJ::.~terials \-li11 continue at Indian Head Haval 
Ordnance Station~ 

I 
Hhen the propellant dhposa1 taclity \~a.s designed, it appeared 

that EPA stoppage of alli):)lJopen ul.rning activity was irtuninent. 
However, as theJCAPpan~l and otbers in DOD '.-lUrked with EPA,an 
exemption was granted for openbuX'nihg of thl;' subject inaterial. 

In order to estimate jJow- long t!)isopen bUrIling practice may 
continue, EDE is solici ti.lli~ an opini on frOli\ yourself and others know
ledgeable of the DOD/HA udationshi 1).l'lr::!.:l~e provideuswi th your 
best opinion .as to the [l1i:ilre of ()p€-n burninl; at Indian Head. 

As \o'e need this inron.lCltion eallyill om: .study,. we. respectfully 
request that you provide LJis QrJirliofl at your car 1iest convenience. 

RHH/gh 

:,incerely, 

l) ···7), 
.r/ 

) 

)1°/_' .. 
. hALPH .loJ. lIAYES 
I'resident 

A£:DWOODPLAZA • 31f'::'~;u"::-Hft)W00CF;("A) • S:-llLM.ECITY.U1AHB-4119. (B01)973J)Y''() 
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Mr. John L. Byrd, Jr. 
Defense Ammunition Cent'~r .'. ~jchool 

SARAC-DO 
Savanna, IL '61074 

Dear Hr. I\yrd: 

April 22, 1983 

El Dorado EngineeriJlt~. Illc. (EDE) has L~en awarded a contract by . 
the Navy throu~h Boolter awl AssociJI:;~s to eV:Iluate the propellant dis
posal facility at Indiq.1l Ht'!ad. Al<.ey is'illfO' tl1aL will affect our 
evaluation of proposed IlioditicatiollH to· this faei 1 ity is the len~th 
of time that the practice of open bllining of propellant, explosive, 
and propellant and explosive contaPlil;;HJ!ri ::L;ttp.rials will continue 

'at Indian Head Naval Ordn,lll<~e si"tioll. 

I~hen the propellant ,E.sl'osalf';!cility \~as d~!signi:!d, it appeared 
that EPA stoppage of all [)Oi)open bu['ninG activity was imminent. How.
ever, as the JeAP pane 1 and others 11.1 non \·JOrJ<.I~cl with EPA, an eXel:Jp
tion was Granted for opt!n ./).Jrnillg of the slllJject material. 

In or-der to estil:)il te ll,./w lon~ t):i~, op(~n IJUl'lline practice way 
continuej EDE is solici ;:,iu.'; an opinicJl from yourself and others know-
1edgeable of the DOD/EPA rl~lationshi r. I'l(~ase provide us wi th your 
best opinion, as to the futllr~ of l)pen lllJrlliIIt:, at Indian lI~ad • 

. As He need' this infunJ.jtlun '~ilrly in our study, we respectfully 
requ~st that you provide! this opinion ,:rt your ~i"lrliest cOIlvenience. 

RWH/gh 

~';inc~r~ly, 

HALl'II hi. IIA YES 
Pr~sident 



Mr. HarJ< Turgon - EPA 
Im-S6SA 
401. M Street S~W. 
Washington, D.C. 

Dear Mr. lurgon: 

April 22, 1983 

E1 Dorado EnGineerinG, Inc. cr;])L) has bel':!n awarded a contract .by 
the Navy through Hooker anJ Associi1t~:s to '~vallJate the propellant dis
posa1facilityat Indian Head. A b~risslje that will affect our 
evaluation of proposed. l;]ocl ification!:. tu tllis nlci Ii ty is the length 
of time that the ,practice of open burning qf propellarit,exploslve 
and propellant and expl,)sl. ve cont.ani.uat,:,d l;iiit'~rials wi 11 cont il1ur~ 
at Inaian lleadllaval Ordn01n~e Station. 

Hhen the propeTlant disposal fad 11. ty W..1S tlesi[;~ed, it appear~~d 
that EPA :;toppage of allll:)jJ open ' l)lllnb1f~ itctivi ty wasimininent. How
ever, as the JCAl' panel <lnJ others 'ill »00 wur.I{'~d with EPA, an r~Xf~lIJp
tion was granted for open hlirning of th'~subj'~ct materiql. 

In order to estinlate how long this 0PO:!ll burning practice may 
continue, EPE is solicit iilr.,an opini'cJl! fro;;] yourself and others, know:
ledge able of the DOD/EPA relationship.l'lt;ilse jJrovide us with your 
best' opinion as totLe flit t.:r.e of ()J)(:!lIb\.irnin,~ at Indian Head. 

As l~e need this lllfo r.1iiltion ~arJ. ... in our study, we r~SPectfully 
request that you provid~! fLit; OjlilllJlIl :it YUllr earliest ·conv;;nif:!nce •. 

HI..JH/ gh 

~;incer~ly, 

I . ~ _') 

L { (',; ~// )/c d' ./ /.:" 

il/\LPJI \-0.'. HAYES 
Fre:;ident 

REOWOOD PLAZA • )460 5(,U fH REDWOOD R')"D • SAll lAKE CITY. UTAH 84119 • (Rnl1 cn1,1;:n 
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EI ... DORAl.)() I~N(;INI~J:~-;RING INC. 

" 

Colonel lJaly 
Director of Envirollment:ll 1'011.ey 
OASD (HRA & L) 
l/EP Rm. 3D 833. 
Pentagon 
WaShington, D.C. 20301 

Dear Col. Daly: 

May 5, 1983 

El Dorado Engineering, Inc. (ElJE) has b~en awarded a contract by 
the Navy through Booker awl /.''>50ciatesto evaluate the IJropellant dis
posal facility at India!1 li':!=l!!. ,A key issue that will affect our eval
uation of proposed modifications to this facility is the length of time 
that the vractice of op'm lJllrning of prupellant; ~xplosiv~, and propel
lant and explosive contilluinated ma~erials will continue at Indian Head 
Naval Orduance Station. 

When the propellant disposal facility was designed, it appeared 
that EPA stoppage of all DOD open burni.ng activity was imminent. 
However, as the ·JCAP panel and others in DOD worked with EPA, an 
exemption "as granted for: open hurnint? of the subject material. 

In order to estimate hnw long this open hurning practice may 
continue; EDE is soliciting an opinic'IU from yourself and others knol'
ledgeable of the DOD/EPA relationsllir~ Pl~ase provide us with your 
best opinion as to the futlrre of open burning at Indian Head. 

As ..,TO need this infor~nt ion early in our study, we respectfully 
request that you provide this opinion at YOllr earliest convenience. 

RWH/gh 

Sincerely, 

RALPH W. HAYES 
President 

H['OIYOOO PLAZA • :l-l60 SOlJTH nF.OwCJOo A~)',D • SALT LAI(E CITY, UTAH 8-1119 • (801) 973.0:160 
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DEPARTMENT OF THE NAVY 

NAVAL ORDNANCE STATION 

Hr o. R. W. Hayes 
E1 Dorado Engineering 
3460 South Redwood Road 
Salt lake City, Utah 84119 

Dear Sir: 

I-NOlAN HeAD. MARYLANo. 206"0 

~D':-'~"~~, 
/~\\:.\ .... 

f{~0' -. ~9,~ ~.~ ... 

~
L:; .... ~~.J .-_ 

.' .,. ~~~OO 

. /} , J::' 
, . ..; (j'l 

IN REPLY REf"ER TO 

OE:IlT 
6240 
Ser 67 

MA,{2 5. '983 

\ 
.'- ~ 

~CO ... C" , .S~", 
Y()ur 1 etter of 27 April 1983 requested an e~'m~~w 1 ongopen burni ng . 
of PEP materials might be allowed by the EPA under the current exception. 
Enclosed is a trip report that discusses the matter of your ,interest in 
which the minimum period of open burning allowance was estimated to be five 
yea rs .. 

Some activity is presently underway within DOD to make the open burning 
allowance more permanent by remQving it from Sec. 265 and relocating it in 
Sec 264 with considerable more c6ntro1/conditions being imposed than at 
present 0 

In sum, it is my considered oplnlonthat open burning of PEP materials will 
continue to be allowed, for the forseeable future. 

Sincerely, 

End: 
(1) Trip Report 
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.... nnel: 
Crumpler (EPA) 

.... rc Turgeon (EPA) 
Ivan Tominack "(OES) 

c 

Linda La , Pam Cl~ments (OESO) 

Environmental Protection Agency 
[faShington, D.C.. . 

[Ji. 
III. 

Open BUJ::nfng O~dnance. Wa~te 
Lithium Bateer;y Incineration· . 
OESO Advice/Consultation to EPA 

( 

0 ... Ti( (S) 0' VIIiT 

3/23/81" 

-' 
- .s: .. ;:... .... 

This OESOIEPA meeting was also designed to reestablish liaison developed during 
open burning effort of s.ome 18 months ago. 

I •. Background. The allowance" for the open burning of ordnance waste under ReRA 
rceli/.eve.d s.ome of the pre.ssure for imID. ediate in .. stalla. tion of con.trolledincinerators. 
LJom<r e concern was e..xpressed by Navy planners as to determining the expected life 

of , the aliowance .. 

Both EPA representatives indicated that·the ordnance waste open burning issue 
very low priority in EPA and unless some unexpected public outcry develope.d· 

it would remain a low priority. Given the p.resent administration posture 
(-Jery litt~e new regulation is expected and then only aLter a thorough cost 
L enefit analysis was conducted. Also, now that open burning is an approved method, 
it would be incumbent on the EPA to propose a proven alternate method. Given the 

r7.· resen. t state-of. -t.he-:-art available to both DoD and EPA, the developme~t of a 
lJroven alternate method wi-II be hard to come by. 'c 

. /' 

[J 
NAVSEA (641, 04H(HoIter» 
NSWC/WO (Mueller,Fauth) 

2 

DATE 

DATE 

NEESA (Kneeling) 
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XIII. ALTERNATE TJSES FOR ALL OR PART OF THE PDF FACILITY 

General 

This Task-involves an investigation of other possible end uses 
for thefacili ~y. Thi s possibility w()ul(j i3.r~~ei,f i1: were 
determined that the facility c()uld not be modified for use as 
intended. Ih order to appro.achthis -problem, 'a number of 
potentialalternateuses:werelt sted. Thts study Was confined 
to non-mission or marginally relatedalternativesc It was not, 
for example, within the scope to examine the possibilities of 
manufacturing ordnan,ceusihg these buildings with new 
equipment. The e,xisting subsystems were evaluated for each -, 
alternate use. That ':is, whether or not' theyarellsableas is., 
or.whether they would require modification, or whether they 
would be needed. Also, a judgment was necessary as to whether 
there'fsa need for the proposed al ternateuse ,and/or could 
th~ function be provided better by an existing facility. A 
table was prepared to evaluate, 'each alternate which appeared to 
have any promise. For purposes of ~his study, the ~acility was 
divided into the following subsystems and the effect a proposed 
alternate use would have on each was examined. 

1. Product Feed 
2. Conveying and Grinding 
3. Slurrying, Weighing, Pumping 
4. wet Air Oxidation System 
5. Fluidized Bed Incinerator System 
6. Water Treatment Systems 
7. utilities - Steam, Air, Water 
8. Process Controls 
9. Basic Building Configuration 

'Summary and Concl usions 

Our results indicate that only one alternate use examined has a 
positive payback within an estimated 10 year equipment life. 
That use is silver recovery from x-ray and photographic plate 
and the fi~er solution. The current estimated availability of 
fi.lm for recovery would occupy the WAO unit for only 
approximately one month per year. It would, therefore, be a 
good "fill in" use but could not be justified a~ the only use 
for the WAO unit. 

Due to the high energy materal and labor costs involved ,in 
operating the FBI and WAd units (which were taken from 
documents supplied to us by CHESDIV) all other uses studied in 
detail would result in higher disposal costs for the particular 
material (sludge, trash, etc) ,than current disposal costs. 
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It ispossiblethat'bther "u.seswould be worthwhile, such as 
destruction of hazardous chemicals, butthese_material~ are not 
generated on NOS and would have to be solicited from elsewhere. 
Th1..ls,the availability and cost were too uncertain to analyze 
in detail. 

Surv'ey wastes . for Disposal or 
" . 

One of th,e reasons,"fororiginalTy. select;ing the WAOand FBI 
systems was tha;ttbey. appeared to be capable. ofbeinq used ·for"" 
a number of different purposes. " 

The Propellant Disposab F:acilityPhase I Summary"Report 1 
Hl"lR 7 2-185, 15 June'1972,suggestsalternateu.ses for disposal 
equipment. These are listed in ,thefollQwingpage. 
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Alternate Uses for Majo.r Equipment 

WAO 

1. Sludge DisPo.sal 

2. Silver Rec6very 

3. Destructio.n of Classified 
Documents and Film 

4. Chemical s Di sPo.sal 
such as ,Lab Solvents, 
Tear Gas ,Cyano 
Co.mponents 

FBI 

1. Sludge DisPo.sal 

2. Metal Decarburizatio.n 

3. Destructio.n of . 
Classified Do.cuments 
and Film 

4. Chemicals DisPo.sal 
such as Lab So.lvents, 
Tear- Gas~,Cyano. 
Co.mpo.nents 

5. Destructio.n of 
Pesti,cides and 
Herbicides 

So.me o.f these wastes are likely to. exist at NOS and others are 
no.t. I 

Po.tential alternate uses fo.r parts o.r all o.f facility utilizing 
waste material::; generated o.n site are: 

1. DisPo.sal of solid . wastes no.t co.ntaminated by 
pro.pellants o.rexp,losives .;.. bo.xes, boards, plastic. 
co.ntainers, i:iber, drums, etc. 

2. Reco.very o.f silver ,fro.m pho.tographico.r x .... ray film •. 

3. Thermal destruct.io.n o.f sewage sludge o.r industrial 
sludge. 

4. Steam generatio.n to. supplement o.ther NOS generatirig 
capacity. 

5. Wqstewater treatment o.,f o.ther NOS. waste, streams. 

Po.ssible uses o.f the WAO and/o.r the FBI facility to. handle' 
materials o.btained fro.m co.mmercial so.urces are (Ref. 1 - see 
page XII 1 .... 22) • 

1. Reductio.n o.f co.mplex o.rganic wastes to. simpler 
co.mp<?un~s such as acetic acid, ethanol, methano.l, and 
pro.Plo.nlC acid~ which are bio.Io.gically treat~ble. 
Sulfur, chlo.rine and nitro.gen co.ntained in the feed 
waste is kept in the aqueo.us phase as sulfuric acid, 
nitric acid, hydro.chlo.ric acid, which are reco.verable. 
These pro.ducts may pro.duce acid rain if pro.dUded 
during o.pen burning. 
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TypicaL wastes are~ 

a .Cyanidec

, chromate, and chlorinated compounds 

b. Electroplating copper solution 

c. Paint manufacturing wastes 

d. PCB containing wastes 

e. Metal grinding sludges 

2. Recovery of valuable metals contained in inorganl.c 
compounds such as silver, tin and chrome. 

3. Purification of materials by oxidizing the i~mpurities, 
. regeneration of spent slurries of powdered .activated 
carbon forw~ste water treatment~ 

4. Destruction of toxic wastes listed by EPA as top 
priority for el imination( Ref. 2), such as benzidrine, 
aldrin/dieldrin, DDT ,endrine, tox.aphene. 

In general, the WAO facili tyi s 'sui table for trea.tment of 
wastes havingaconcentr.ationof oxidizables between 1.5 and 20 
percent, depending on the COD.Condentrationsinexcess o'f 20 
percentc-ouldgeneratesufficient heat to cause high rates of 
boil-off. The more concentrated wastes should be disposed of 
in the fluidized bed incinerator •. Highly corrosiv~ wastes 
shoLildbe disposed.of in the fluidized bed' incinerator sincei t 
is operated at pressures much lower than the WAO. unit, making 
it more safe in case of component rupture. 

In order to preliminarily evaluate potential alternate uses, 
the following forms were filled out. From this initial 
eval uation,the more promising onescouldb'e 'analyzed in 
further detail. 
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ALTERNATE USE 

O:r::dnance Oi spo.salStudy 
NOS Indian Head, Maryland 

. Silver Recovery 

A. Brief Description: Would consist of using wet air 
oxidation unit for thermal destruction of x-ray and 
photographic film and fixer, .anq recovery qf silver~ 

B. Impact on Individual Subsystem: 

1. Prod;uct Feed: Sinc.e qua:ntity distance requirements· 
would not apply, feed of film could be closer to WAO 
bui;lding. Therefore ,existing loading hopper would. not 
be used as is. I freused,wouldhaveto be moved .. 

2. Conveying .andGrinding: Grinding of f.llm and· 
transportation to slurrying tanks wo.uld s'till be 
necessary. However, could mo.re efficiently be .carried 
out nearer to WAO. Perhaps all co..uld be adjacent to.. 
current slurrying. building·. . 

3. Slurrying, Weighing, Pumping: pilot testing indicated 
ground film was extremelydifficul.t to pump. Feed 
should be minimum of 10 gpm {which currently exists1 
and piped veloci ties no less than 3-4 feet per second. 

4. Wet Air Oxidation System: Existing system operates at 
572°F and 2400 psi. Pilot testing was' performed at 
610°F and 3000 psi~ Unit may be generally usable as:"'is 
but additional testing wO,uld be required. 

5. Fluidized Bed Incinerator: N/A. Silver ash would be 
mixed with entrained bed material, complicating the 
silver recovery process. 

6. Water Treatment System: Ox id i zed slurry different. from 
current design. Recovery of silver from oxidi?ed 
sl urry requ ired. 

7. utilities-Steam, Air, water: utilities would be 
essentially usable as is. 

8. Precess Controls: Controls would be essentially usable 
as is. Additional controls for modified grinding, 
slurrying, and feed would be necessary. 

9. Basic Buiiding Configuration: If unleading, grinding, 
slurrying and feed were simplified and located close to 
process, some building modifications would be required. 
A dryer to. remove·water from the silver sulfide sludge 
or residue should be installed. 
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c. Is there a need for the proposed alternate?, Yes, depending 
on ,qqanti-ty 6f fil'm :,'·p,;r._o·d.u·.c.~d'. '.-", 

D. Is there a source of inJ?ut material? Yes " fromx;..ray film· 
wasteprodllced. 

E. Can residue, if any, bedispo:sed' o.·f.?To be sent to~silver " 
. re,f inery. .'. 

F. Could other parts or buildings be used for other purposes? 
Yes. 

G. Summary of ,Advantages and Disadv.~ntagesandRemarks •.. 

Th.e. ·amount .. 9f:;51,.1 ver."recoverable"is.:esti,1I1a ted at,,' 2"ounces', 
per 1 00 sq." ft.,offI1:m,.including't.heamount of fixer to 
develop 100 sq. ft. (Ref .3). Thecos,t 6f refining the 
silver sludg'e:produced in,theWAOuriit'j.is estimated"at 
$ 0 .70perlOOsq~,:ft •. " fi:lm,and,flxerwith 97' percent of ,the 
s ilverreturned: ,toNMlORDSTA. Considering a silver v,alue 
of $10.00 p:etounce,$20 .. ,00could be re.c0veredfor,the cost 
of less than $1.00. This refiningcostihowever, 
neces~itates the use cfa dryer to produce a dryresid~e. 
Acomponentof.the, refining cost: is basedUp6nthewei9'ht 
of residue' as:received." ' 
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.Ordnance Disposal Study 
NOS IndiahHead, Marytand 

ALTERNATE USE '_. __ ..,.-~_--.,;;.S...:;;I;,.,;;:u.;..;;d;..,g!...:e:........::D:...:i;;..;s;;..lp ..... b:...:s.;;,.;a:;;,;l::...· ______ ~ ______ ..-.....-__ 

A. Brief Description: Process would be the thermal oxidatio~ 
of sludge from the drying beds bn base~ 

B. Impact on Individual ·Subsys.tem: 

1. Product Feed: A loading hopper and slurrying tank 
should be placed' near the WAO un! t if sludge from the 
drying bed were used. . A -loading hopper should be 
placed Dear the' FBI faCility. . 

2. Conveying and Grinding: N/A 

3. Slurrying, Weighing, Pumping: The sludge concentration 
would have to be reduced from the present drying bed 
level of 30 percent solids toa level enabling pumping 
into the WAO( 6to 8 percen't) • The FBI could handle 
the sludge as received 'by using a moyno pump. 

4 II Wet Air Oxidation System: TheWAO system is ideally 
suited for sludge disposal since a great com~ercial 
usage of the Zimpro WAO unit has been for waste 
treatment, converting 99.9 percent of the contaminants 
to carbon dioxide, water, and inorganic ash. 

5. Fluidized Bed Incinerator: The FBI isusE;!ful to 
dispose of heavy sewage sludge as directly obtained 
from the drying bed sf. FBI unit would have to be 
assembled and mod if ied to e1 iJllinate problem areas 
discussed elsewhere. 

6. Water Treatment System: Very little water treatment is 
required if the WAd is op.erated at 600°F to produce 
nearly complete oxidation. 

7. Utilities-Steam, Air, Water: The utilities should be 
usable in present form. 

8. Process Controls: The process controls should be 
usable in present form. 

9. Basic Building Configuration: Building additions would 
be required: (a) load ing hopper and sl urrying tank near 
WAO unit~ (b) loading hopper near FBI unit. 
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C. IS there a. need for the proposed alternate? Yes, if 
economically j u st,ifieq~Pre$entlythe' 81 udge is hauled 
away. 

D. Is there a source of input material ? Yes, basegetier:ated' 

E .canr~sidue ,if anl7., be di,sl?psedof? Yes, , th.e.residue'is 
sanita.ry. 

F. Could other parts or building';s; be·;llsedfor'ot.her purposes? 

G. ~uitimary of Advantag;es anq, Disadvant~ges>;andRemarks. 

Drying the s~'~ag~ sludge ,to 3Q,pe,rcent, solids and' th,en' 
slurrying back to -value less than 10 percent for input to 

. theWAOwould be cost ineJfective.U,'ha; sew~ge,set.tlement 
should be pumped to the WAOfrom a clarifier at the lower 
con,centration. ' > 

. . V" 

'1'l1eF13I is ideallysu,i tedfor,the, ~se~agesIudgeof3 0 
,per;cent ,solid~s,Ot;great.e:t;",.aowever,the; p;t;"esent.condi tion 
of' the unJt. is ,such that comple.tionofi=lssemply, > 

modificatidnotcertain parts, ,prove out and addition o·f 
auxiliary equipment would r,esult in significant expense. 
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Ordnance Disposal Study 
NOS Indian Head, Maryland 

ALTERNATE USE Sewage Di$posal 

A. Brief Description: Process would be the thermal oxidation 
of sewage generated on base. 

B. Impact on Individual Subsystem: 

1. Product Feed: A piping system would have to be 
provided between. a sewage collection facility. and the 
WAO unit. 

2. Conveying and Grinding: N/A 

3. Slurrying, Weighing, Pumping: The present 10 gpm WAO 
unit capacity would be a.dequate for batch processing. 

4. wet Air Oxidation System: This type of processing of 
untreated sewage is cost inefficient since th~ 
oxidizable.concentration is small. 

5. Fluid~zed' Bed Incinerator: Cost inefficient. 

6. water Treatment System: Very little water treatment. is 
required if the WAO·is operated at 600°F. 

7. utilities-Steam, Air, Water: The utilities would be 
usable in present form. 

a. Process Controls: The process controls would be usable 
in present form. 

9. Basic Building Configuration: A system for densifying 
the untreated sewage to a solids. concentration of 
greater than 1.5 percent would be required. An 
optimal concentration would be fr to 8 percent. 

. ( 

C.' Is there a ne~d for the p~oposed alternate? Not if a 
sewage treatment facility is provided on base. 

D. Is there a source of input material? Yes, base generated 
sewage. 

Can residue, if any, be disposed of? The residue would be 
sanitary ash. 

F. Could other parts or buildings be used for other purposes? 
Yes. 

- ,,----- -----~-. . 



G. Summary of Advantages and Disadvantages. and Remarks. 

The WAD uni tco.uld be more cost effective for processing 
sewage if the oxidizabl~concentration were· incr~ased from· 
less than 100 ppm to 6 percent. This could be done by 
pumping the settled residue at the correct sediment 
concentration from a clarifier into the WAD unit .' 

The most cost effective results would be the use of theWAO 
facility operated at a lower temperature and pressure in 
conjunction. with a biological treatment system. A large 
sewage treatment plant in Newark, New Jersey, utiliZes many 
Zimpr~ WAO units piped in parall~l. . 
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. Ordnance Disposal Study 
NOS Indian Head, Maryland 

ALTERNA'rE ,·USE Destruct~onofPegti~ldes and Herbicides 

Ae Brief Description: Process would assure 'the thermal 
conversion of pesticides and herbicides to simplecqrnpounds 
which can be neutraiizedandsaltswhich can be disposed 
of. 

B. Impact on Individual Subsystem: 

1. Product Feed: A mixing or feed tank should be 
installed near the oxidation units. 

2. Conveying and Grinding: N/A 

3 • Slurrying, Weighing,. Pumping: These systems would be 
only partly usable in their present form. 

4. Wet Air Oxidation System: Low concentrations of 
oxidizables would necessitate heat addition to the 
process to maintain reactor temperaiures. Only those 
materials not containing halugens couid be oxidized 
because of corrosivity of the effluent. 

5 e . FI uid i zed Bed Incinerator: The FBI would be more 
costly to operate from an energy standpoint than the 
WAO. However, it would be effective. ' 

6. Water Treatment System: Could be used as designed • 

7. utilities-Steam, Air, Water: Could be used as 
designed. 

8. Process Controls: Could be used as designed. 

9. Basic Building Configuration: Locat{on of a feed tank 
near the oxidation units would require minor 
mod if icat ions. 

C • Is there a need for thepioposed alternate? Unknown 

D. Is there a,source of input material? That generated on 
base ., 

E. Can residue, if any, be disposed of? Yes. 

F. Could other parts or buildings be used for other purposes? 
Yes. 
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,G. Summary of Advantages and Disadvantages and Remarks. 

Th~ primary advanta~eof oxidizing pesticides and 
herbicides is theassurCince of complete conversion ,to 
harmless substances. Sources of disposable mate,rial would 
g.enerallycomeirom off, base. Profitabilityand 
practicabiliJ:y of NOS operating a facili~y which depended 
on off-base waste supplies 1s questionable. 
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Ordnance Disposal Study 
NOS Indian Head Maryland 

ALTERNATE USE __ ~ ____ ~ __ ~C~h~.~e~m~i~c~a_l~s~. ~D_i_s~p_o_s_a_l ______ ~ __________ _ 

A. Brief Description: The WAQ process would convert haz.ardous 
organic ~aterial.to their highest oxidation ~tates in which 
form the chemical products can be neutralized and safely 
disposed of, or recovet;'ed. 

D B. Impact on Individual Subsystem: 

D 

U 
iJ 

U
' 

I· 
I . 

'iJ' 
" 

1. Product Feed: 'A slurrying or mlxlng tank shollid be 
installed near the WAO tini t for n.on .... corrosi ve 
rriateri'als, and near the FBI for dense and corrosive 

, material.s. 

2. Conveying and Grinding: The grinding of sOlidcbemical 
wastes and conveying to a slurrying tank shoulq ta,ke·, 
place near the WAO unit and the FBI unit'for smali 
quantity wastes .that may otherwise merely wet the 
present transfer syst~m. 

3. Slurrying, Weighing, Pumping: The slurry has to be 
.pumpable by the centrifugal pumps which prime the WAO 
input high pressure positive displacement pump. 

4. wet Air Oxidation System: The unit would be useful for 
disposing of oxidizable materials not containing 
chlorides or fluoriqes. The WAO system could become 
hazardous if the combination of high pressure and 
corrosive materials were permitted to exist. 

5. Fluidized Sed Incinerator: The FBI could be safely 
used to oxidize hazardous chemical wastes; however, 
chemical stress corrosion caused by chlorides 'and 
fluorides could necessitate costly replacement of 316 
stainless steel tank, agitator and pump parts~ 

6. Water Treatment System: The water treatment facility 
wou1d be operated as designed. 

7. utilities-Steam, Air, Water: Operated as designed. 

8. Process Controls: Operated as designed. 

9. Basic Building Configuration~ Building modifications 
would be required if slurrying, grinding and conveying 
equipment were located near the oxidation units. 
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C. Is there a need for the proposed alternate? unknown. 

O.Is there a source of input ~aterial? unknown. 

E. Can residue, if any, be disposed of? The residue can be 
drummed and hauled. 

F.' COuld 'other parts Or buildings be used :forother purpos~s? 
Yes. 

G. Summary of Advantages and Disadvantages and .Remarks. 

Chlorides would destroy the stainless steel heat exchanger 
piping oftheWAOuniti therefore ,water' from the separator 
tank cannot be 'passeCi through the" heat ex;changer~TQis 
would incre.aseoperciting costs. Chlorides would cause a . 50 
mil per year erosion rate of the titanium jacket in the WAO 

. reactor. 

Also, titanium is not compatible witb some flilorides. 

The FBI could be safely used to 'destroy. thes.e hazardous 
organics at the risk of certain materials causing corrosion 
damage to stainless steel parts unless parts'were rUbber 
coated. 
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. Ordpance DlsposaJ. St udy. 
NOS Indian Head, Maryland 

A. Br.ief Description:' Boilers in wastewater treatment plant' 
produce 7, 000 ~pounds, 10,000 poup~ls of steam, respectively, 
( 17,000 lb/hr total). If steam is needed elsewhere,' . 
distribution lines could be provided for steam supply and 
condensate return. 

B.' Impact on Indiviqual Subsystem: 

C. 

D. 

1. product Feed:' N/A 

2'. Conveying and Grinding: N/A 

3.. SIUl:rying, Weighing, Pumping: N/A 

4. Wet Air Oxidation System: Use of steam elsewhere would 
preclude operation of WAO and film evaporator unless 
carefully scheduled. . 

5. Fluidized Bed Incinerator: Use of steam elsewhere 
would preclude operation of wet film evaporation of 
waste scrubber water. 

6. Water Treatment System: See 4 and 5 above. 

7. Utilities-Steam, Air, Water: Would limit steam 
availability for heating of buildings. Would require 
additional distribution piping on station. 

8. Process Controls: N/A 

9. Basic Building Configuration: N/A 

Is there' a need' £Or the proposed alternate? 
NOS.personnel, no. 

I! there a source of input material? Yes. 

Accoraing to 

E. Can residue, if any, be disposed of? Yes. 
~--~~----~--~----~~----~~~----------------------~-----

F. Could other parts or buildings ~e used for other purposes? 
Yes. 
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G. Summary of Advantages ahd Disadvantages and Remarks. 
>, ", • , 

Boilers are. in good condition and could produce usable 
steam. However, no ste.amdlstribution systemexistst() 
otherqreas oiNOSand.apparentlY ,.>s.t~am.isnot. needed~;·· 
Better choice:w9uldbeto move boilers 1:Qanother location· 
orr:etainin presel1ilocation.to servebuiTdihgcomplex 
which is being used for different m.ission. . 
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Ordn4nce Disposal Study 
NOS Indian Head, Marylano 

ALTERNATE USE Solid, Non-ContaminateqWasteDi.sposal· 

A. Brief Description: The WAO and FBI units would convert 
combustible wastes to carbon dioxide, wat~r and.ash. 

B •. Impact on Individual Subsystem: 

. C. 

D. 

E. 

F. 

1. product Feed: The solid wastes would have to be 
chopped or ground, slurried and then pumped into the. 
WAO unit. The FBI would handle a.more derise slurry 
than the WAO unit. 

2. Conveying andGr ind ing: The conveying and grinding 
equipment could be located near the oxidation units. 

3. Slurrying, Weighing, pumping: A slurry capable of 
being h4ndled by a centrifugal pump is required by the 
WAO unit. A slurry that can be handled by a screw 
conveyor is suitable for the FBI. 

4. Wet Air Oxidation System: The WAO would be operated as 
designed. 

5. Fluidized Bed Incinerator: The fluidized bed 
incinerator would be operated as designed. 

6. Water Treatment System: Very little water treatment 
would be required since combustion should be complete. 

7. Utilities-~team, Air, Water: Usable as designed. 

8. Process Controls: Usable as designed. 

9. Basic Building tonfiguration: The buildi~g 
configuration would have to be modified to house the 
grinding and slurrying equipment. 

Is there a need for the propo~ed alternate? Depends on the 
availability and suitability of the base incinerators. 

Is there a source of input material? Yes, that generated 
on base. 

Can residue, if any, be disposed o{? Yes. 

Could other parts of buildings be used for other purposes? 
Yes. 
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G. Summary of Advantages and Disadvantages.and Remarks. 

Amore cost effective,rnethodofsolidwaste disposal 
would be the use of an incinerator,the operation of 
whichwou,lq. be· cqntingent upon the availability of 
,pollution: .. c'ont ro lequ i pI1le n t. 
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ALTERNATE USE 

Ordnarice Disposal Study 
NOS Indian. Head, Marylarid 

Destruction of Classified Documents and Film 

A. Brief Description: The WAO and FBI unit's would be used to 
. comeletely destroy cl.assified materials. 

B. Impact on Individual Subsystem: 

1. Product Feed: The classified materials would be 
chopped or ground, slurried, and injected into the 
oxidation units, but would require new equipment or 
relocated equipment near units. 

2. Conveying and Grinding~ Th~ conveying, chopping and 
grinding equipment co~ld be located near the oxidation 
units. 

3. Slurrying, Weighing, pumping: A slurry capable of 
being handled by a centrifugal pump is required by the 
WAO unit, and c.apable of being handled by a screw 
conveyor or a Moyno'pump is required by the FBI unit. 

4. ,Wet Air Oxidation System: The WAO would b~ operated as 
designed. 

5. Fluidized Bed Incinerator: The fluidized bed 
incinerato.r would be operated as designed ~ 

6. Water Treatment System: Very little water treatment 
would be required unless silver were being recovered 
from the film. 

7. Utilities..,.Steam, Air, Water: Usable as designed. 

8. Process Controls: Usable as designed. 

9. Basic Building Configuration: The building 
configuration would have to be modified to house the 
grinding and slurrying equipment. 

C. Is there a need for the proposed alternate? No~ due to the 
existence of an incinerator on base. 

D. Is there a source of input material? Yes, base generated. 

D E. Can residue, if any, be disposed' of? Yes. 

)-1 
~ 
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F. .Could other parts or buildings be used for other purposes? 
Yes. 

G. Summary of Advantages and Disadvantages and Remarks. 

One incinerator is operational on base and a second is 
being built. The. incinerator i smore cheaply operated than 
the WAO or FBI and will, th~refore, be used·fo destroy 
classified material. . 
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ALTERNATE USE 

Ordnance Disposal Study.· 
NOS Indian Head, Maryland 

Wastewater Treatment '-
A. Brief Descrip1:ion:lndustrialtype wastewater gene1::"ated on 

base would be., treated at tpe facility. 

B. Impact on Individual SubSystem: 

1. 

2. 

3. 

4. 

5. 

Product Feed:" The waste water would be piped to the 
treatment facility, or transported by tank truck. 

Conveying and Gri l1c:Hng: N/A 

Slurrying, Weighing, Pumping: A pumping system would 
be required to ,transfer the base generated waste water 
to the. tt"eat,ment facility if not transported by trl,lCk. 

W~t Air Oxidation System: N/A 

Fluidized Bed Incinerator: N/A 

6 •. Water Treatment System;: possibly usable as designed,' 
al thoug,h depending on characteristics of wastewater, 
other unit processes may be required. 

I 

7. utilities-Steam, Air, Water:Usahle as designed. 

8. Process Controls: N/A 

9. Basic Building Configuration,: The building would 
remain the sa~e. ' 

~' __ J __ •• ___ , ___ , __ ~~~ __ ~~~-=~-= __ ~ __ ___ 
C. Is there a need for the proposed alternate? Unknown. 
D. Is .there a sou:rce,o~f ipputmateriaI,? unlinown.< 
E. '. Can residue, if any, be disposed,of? Unknown. , 
F.. Could other parts or building,s be. used for other purposes? 

Yes.. " . . , 

U G. Summary of Advantages and Dl:sadvantages.a,nd Remarks. 

u 
[J 

Source of wastewater for treatment is unknown so no 
evaluation is possible. 
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General Reccmmendaticrfs fcr WAO 

Based cn the preceding preliminary evaluaticns, the fOllcwing 
uses are recommended fcr the wet Air Oxidaticn unit if 
justi fiedeccncmically: 

1. Silver rec6very frcmwast~film{photcgrp-1?hic' and 
. x-rays) and the spent fixer • Twccullces cf silver 
cculdbe refined frcm the~ilve~ sludge fcrthe 
refiner's· charge cf less than one dcll~~. 

2. oxida,ticn of,sewp-ge sludgeof6tc 8 percentsclids 
ccncentratic~cbtained frbm a settling~atility. 

. . - .. 

3. Destructicncf pesticides and herbicides. Heat 
addition will be required to sustain .a 600 0 p Qxidc;tticn 
temperat uie • 

4. Dispcsal'6f'r'l()n-ccrrcsive,c~ganic chemicals if 'they can 
be slurried to. 5 to. ~percent crganics ccncentration by 
weight. 

Uses not recommended for the Wet Air Oxidation. unit are: 

1. Disposal of corrosive chemicals.' Stresscorrosicnof 
the WAO components would impose a safety hazard as well 
as ccstly repairs. 

2. Destruction of solid non;...contaminatedwaste. The tost 
of preparing the waste for injection into the WAD and 
operating the facility would be greater than 
ccntractingto a commercial, hauler or, use of an 
incinetat6ron base having adequate capacity. 

General Reccmmendation~forFBI 
. -' -.," ' .. '.-.' .. :. . -

The following uses:arerec,cITIm~nded for the,Pluidi:z:ed Bed 
Incinerator if. justified eccnomically: 

1. Oxidation of dense sewage sludge'as.obtained from the 
drying beds on base. This material could be conveyed 
witha'MoYno.Pumpor screw conveyor. 

2. Destructi6ri6f pesticides and herbicides. The cost of 
incineration would decrease.with increase in organics 
density since less water would haverto be vaporized. 

3. Destruction of dense slurries of organic non-corrosive 
chemical waste. 
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4. Destruction· of hazardous organic cqmpoundsfrolll ~,he 

standpoint of operating personnel safety sirrcetH~~ 
incineration occurs at relatively low pressure~ 

D Uses not recommended for.the Fluidized Bed Ipcineratorare: 

[J 

Ll 

l] 

O. 

fJ 

n 

lJ 
[J 

[J 

U 

U 

u 

1 ~ De'struction o~. hazardous organic compounds frOm the. 
Stal1dpoinbi of ,cost effectiveness since chloride and 
fluoride compou,nds could cause costly repairs to the 
stairrJ.,ess ste~T$yst:em components. 

2. Destruction of solid pon":contaminatedwaste.As for 
theWAQ unit"tl1e CQstof materialpreparatiop and 
operating thefacili ty'wou:I..d be greater than 
contracting to' a c()mmercial. hauler. Material' 
preparation would ,can si stof sorting to eliminate 
non-organic materials, Chopping or grinding, and, 
slurrying. ", , 
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Alternate O~eBvalilati6n 

Based on thetehtative conclusio'ns, the' economics of modifying 
theWAO processa,nd the,FBTprocess for,disposaJ, of a variety 
of' ,materi'als:wereexam'ined in greate'r detail. . 

In both cases, it was assumed that ,addYt~bI1~ pf certaihpi,eces 
ofequipmerrtwould,enabl~processihg of a, var,iety .of waste 
materials, not just the Single most cO,$teffectiveuse. For 
example, if the: approp;ria'te building 'modifications and roadway 
modificati.ons were made to enable receiviI19.ofwasteatthe , " 
pointof di'sposal,andadditionalhoppers, grinders, slurrying 
tanks t and> fe.ed pumps were provided" 'if'eqqipment were selected 
wi sery" tbesameequipment cbuldbeus~d> (with proper cleaning 
between usc:s) 'tphandlepllotographerplateF as well as ,sludge. 

-, .-. ~ -. " " . - - - -- - - - , - - ~ . . . 

It wasfurtherassum~ed. that theFSlurij..twa'scomplete.anc:l , ' 
functioning prior to beginning to evaluate additi6nal equipment 
required for disp.osal of alternate materials. This is, of, 
course, not the case, but judgments regarding completion of the 
basic FBI unit are re.served for el sewhere in the report. 

Based on these assumptions, one approach was as follows: 

1 . Schematics of the WAO and FBI pr'ocesses were modified 
to indicate addition . of waste handling equipment. See 
Figures XIII ... lahdXllr-'2. ' 

2. Conceptual building floor plans were prepared showing 
new equipment and: any building modificati.ons and/or 
roadway modificati6ns required. See Figures XIII-3 and 
XI.II-4 ~ 

3. Construction cost estimates were prepared based upon 
these floor plans. 

4. Savings investment ratios were developed based upon a 
hypothetical availability of the waste streams and 
payba'ck analyses w,ere performed. 
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An economic evaluation was p~rformed for the disposal of those 
non-ordnance related wasted materials having significant value 
or volume. Only one waste material had appreciable value, this 
being discarded photographic and x-ray film and th~ fixer 
solution. Two waste materials were found to exist in sizeable 
volume. These were non-hazardous base generated trash and 
sewage sludge. 

The waste photographic and x-ray film and fixe~, if processed 
through the WAO un! t, showed a payback of 10 years considering 
the cost of new grinding, conveying, and slurrying equipment, 
cost of operating the facility, the present credit obtained . 
from sell ing the waste film and spent' fixer, and the sale price 
of refined silver. The cost .estimate for the new equipment is 
given in the Appendix along with the savings investment ratio 
calculation. 

The waste material existing in the large~t vol~me category was 
the base generated non-hazardous trash. This was found to be 
most ·logically processed bi the FBI facility since a much 
higher ratio of solids to slurry water is handled by th.e FBI 
unit than the WAO unit, reducing the operating time requirement 
and the fuel oil requirement for a given dry weight~ The cost 
estimate for new equipment enabling the FBI to process trash, 
and the economic evaluation are given in the Appendix. 
Relative to the present $110,000 per year cost of commercial 
trash disposal, incineration of the trash in the FBI was found 
to be economically prohibitive. 

The next largest volume of waste produced was sewage sludge. 
This is obtained f~om drying beds on bas& at an oxidizable 
solids to water weight ratio of 30 percent. This could be 
slurried to 6 percent concentration and oxidized in the WAO 
unit or injected into the FBI unit in the present form. 
Regardless, the cost of disposing of the 150 cubic yards of 
sewage sludge per year generated on base would be in the range 
of $35,.000 to $45,000 using the WAO or FBI units, whereas the 
sludge is presently hauled off base at a cost of $5,000.00, 
this being part of a larger general ground maintenance 
contr"act .. 

The Other base generated waste materials considered in. the 
alternate usage evaluation section of this report were of small 
amount and did not warrant economic evaluation. 
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XIV ECONOMIC SUMMARY 
ALTERNATE.DISPOSAL METHODS,ALTERNA.TEUSES 

Th{s sectiop Qom;;istsQf an economiccompprison of the three 
bptiohsdeveloped In Section X for 100 percent dlsposal using 
existing modIfied equipment within the POF(WAOand FBI) and 
several ,newly proposedccnstructionprojects (CWP/"EWI,SRF), 

. and the five options discussed in Section X for 100 pe;rcent 
disposal using a combination ,ofexfstingequipment,. 'new ...• I ' 

equipment, continuation of open burning, and off site dispOSal. 
The options considet:'ed and waste workload are pd~:s~ente,d again 
in, Figure,s XIV-1 throughXIV-17. These o:ptionsat,~ compared on 
a Uniform Ann4al Cost Ba~is using formulas and' t'ables pr~sented 
in ~AVFAC P~42.Ecohomic AnalyqisHandboQk.Asummary ofoosts 
assocIated with . several possible altern'ate useS for portions of 

,the PDf is also presented in this section. . ' 

Methodology 

In order ,to' make; an economic comparison for the SE!ver( options 
it waS necessary to estimate the 'capita;I.cost ofpny 
hypothetical new equipment ,. andtheoperatingcbst. per tono,f 
ma:terial,disposedtoarrive at a' yearlydispospl cost. Fbr 
materials dispoSed of on base theopera,ting cost takes into 
Clc~9unt Ipbor and energy; costs' •. ' For material disposed o·f off 
base theopetatingcQst inc,ludes estimates ,Of otl base handling " 

, anjjpackaging, transportation costs, and off bas'e handlIng' 
costs. All o~theseestimCitedcosts are presented and 
discussed elsewhepe inc this' report. Backup estimating d'a'ta' are 
incruded ip. the Appendix. 

Also' required ,for comparison purposes,wereth,e life ,'expectancy 
and salvage value for new construction. The Uniform Annual 
cost (C) w~s then computed from the following formulCi: 

Where: 

= uniform Annual Cost 
= Net Present Value 
= Present value of ' one dollar cumulative 
uni£or~ series over life of project 

'TheNPV is computed using the capitalcQst plus the ~nnual 
expenditures and salvage va,lue multiplied by the appropriate 
discount factors from the referencec;'l handbook. 
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Results of Disposal Option Ahalysis 
, ,': -J" ~. -, 

The result.§!9f'tl}9 "ecQnomic,' analyse's are slimmar:lzed in the 
following table. All costs are in thousands of dollars. 

Th'e mos t. '~c6nomieally'fa~or able~ ,'optionis,'cour se, 
contiriuationof opE!n.'burning. The next most favorable is 
Option 7 which includes constructiOn ofa CWP, butalso.rel'i:es 
on a large amount of continued open burning • The two most . . 
at:trisstiv;e;.pptions which;requ,ireno·openburning'areOpt.ions'C1· 
and 6.··'.OPt~9nlinY91~,es .•• c9nstruct'ion,of,threenewfaciTities . 
(CWP", EWI", SRF) •. :"Option· 6.i·nvolv,estwoi,new construction '.' . 

p.ro.~J.· ... e.'.c .•.•.. ts.·., ... , ... es. R ...... F.·, .• , .•.. p-lp ..... ) .•....... ,: ... a.nd, .... b.f .. ,.f ..•... ·.,.ba ... se.d.i ... S.P.~'.·. a .. ,.· .. ,.· .•. o .• f ..•.. are.· .. l .•. a., ...•. ,t.,'.i.v.el.Y.· .•.. :.·l ...••. a .•.... r. 9. e 
per,c~nt~ge, ofthe,was,te .. ; OPtlons2.,·~;.and5,.·all ofwhlCh 
con~ider,'utilization;of.some:portionof"the. PPF.after's\116tble 

~mod~tication. qp,.nbtcompate(fayorably:.·These. options also '. " 
. / Ii nVQlve;f~om3t9.5 .new'·construction;'pro,j~cts,> ar.su!::>stant ial' 

modificati.on:to·.existingfacilities:~>aecause ¢osts: for' 
·.cpns;truct.i.on: .. ahd.'.modj}f.icatidnare, abt.hfs.·poinbapprox.lmate ... " 

es:t:imates at best, th~more separate projects filv.olved>'t:he' more 
uncertainty must be placed ontheestimated,eos.ts •. '.' FOr this 
reaso'n',.wefeelthe·fewerinew: projectsor<modifications' 
considered,·the'better 'the ,data. 

This economic analysi$ cannot take into account benefits as 
such. Although undoubtedly some of the optionswQuld have 
benefits over others $"uch as fuel/energys"avings, etc .• the 
'major benefit which would be realized by implementation of 
several of the options-would·· be elimination of open burning 
which cannot be quaritified.. . . .' 

. ~ .,' 
o -' • 

In conclusion, we xecommenda stepped implementation of' Options 
0, 7,.6, and 1 in- that order • It may-be desirable to design 
all new construction at the same time to facilitate 
coordination and interfacing. Hdwever,construct,lbn could be 
phased>i f·necess:a rye 
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Results of Alternate Uses Study 

The results of the alternate uses study are discussed in detail 
in Section XIII. The estimated construction costs of several 
potential alternate uses are listed below. The only alternate 
use having a positive payback within 10 years is silver 
recovery. However, using current estimates of photographic and 
x-ray film generation at NOS the WAO would be required to 
operate only 'one month per year. 

Alternate Uses 

Silver;' Sludge, Misc., Disposal/ 
. Recovery Equipment 
* 1. Using WAG 
2~ Using FBI 

Construction Costs 

$ 200,000 
250,000 

* Includes only new material handling and prep, no~ods tQ WAO 
AND FBI. 
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CO,DE I OEseR'1 PTION' 
i 

~" I I CON·TAMlNATED WASTES!!, 37.7 II 51.7,0.00 .. · .. ',! 
I : W/OAP : . j (LBS.) I 

~JJ !,I 2 i CON,TAMINATED WASTES i. 0 i·o I,' 

I i '.'1, ,I' ' .. I . IW/AP 

0 1 " I . . .....! I 
3 PROPEL.LANT a EXPLOSIV~, 14 .. 3! 195,400' , o WAS'TES W10 SR: aW/OAP! I . I 

'l' I 

[J 4 I PROPELLANT a EXPLOSIVE t, '.2 1~,P90" j 
hWA$rES"'W/6'~SRaWl AP'! ~T ,! rJ. r ' . ,> '.' , .. ' . . . ,... " ".' .' I I!' 

- , .... '. . !: I 
I ' i ; .' I 
; 'I I ' , 

CJ 5 IPROPELLANTS EXPLOSIVE!:.37.4' 1512,100,\. 

I WASTES WI SR 'aW10 AP I II II o 
I ' 

U,s PROPELLANT a EXPLOSIVE 8.2 1'12,900 
,l' 'WASTESWl \SR:"a" WI AP", ' 

1J 
[J 

rJ 
.~ 

IJ 

.4 5,000 

( 

8 CONFIGlJRED ·ITEMS 1.8 25,000 

FIGURE XIV-l 
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COST EST.-INDIAN HEAD 
OPTION 0 

TONIYR eAPITAL COSTR OR COST 
," 
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BURN "~82.7 EXISTING 73 
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I 0 

I I 
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FIGURE XiV-3 . 
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COST EST,- IN.DIAN HEAD 
OPTION I 

-----.-. ... _-_.- .. 
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TONJYR CAPITAL. COST" OP. COST "lTON CQST/YR 
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CWP 

SRF 

DLA 

EWI 
mod. 

n NOTES: 

258a5 1,370.,000 

! 

31:2.5! 1,225",0.00 

2.5 
, 

I -

424a2 1,215,.0,00 -
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'I I 
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I 1 
, I 

\ 
I 

1'04,100 333 I I I , 
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COST EST.- INDIAN HEAD 
OP.TION2 

-. 

.. J.(I .. ~.<~ /l 
(":~~ ~ 

~ -< '- / 

TONIYR CAPITAL COST'" OP. COST I'ITON COST/YR ... 
. 

" 

CWP 258.5 1,370,000 1284 ·331,900 

WAO 58 1,385,000'71'- 2820 I 163,600 . 
.. 

SR·F 312.5 \,225,000 333 104,100 
---"--- --

OLA 2.5 - 1819 I 
I -. ~ .',- - -- ..... ~ ", .. 

! 

E'Wt 366.3 1,050,000 1000 

- ... -, 

5,030,000 
I 

. . 

41= ADDITIONAL EXPENDITURE REQ'I) TO FIELD OPERATIONAL . . . . 
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P-879 P~opellant Disposal Fac. ~ 1st Increment 
Incinerator Mfgs. 
4 -May, 1971 

Wet Air Oxidation of X~Ray FHQ] For Silver Recovery 
Preliminary Report 
Zimpro, Inc • 

. 5 - May, 1972 , 

Laboratory Oxidation of 1I0range il (2, 4, 5 - ·Trichloraphenoxy) 
Acetic Acid and Otto Fuel . 
Zimpro, Inc. 
11 May, 1972 

P-879 Propellant Disposal Fac. - 1st Increment 
Process Des~rtption 
17 August 1971' 

Letter From: . Barber - Colman Co. 
To: Naval Facility Engineering Command 
9 September, 1973 

Letter From: U.S. Environmental Protection Agency 
To: Environmental Engineering Branch, Maintenance/Utilities Divisions 
1 June 1977 

Letter From: Department of The Navy, Chesapeake Div. 
To: Charles County Health Department 
4 August, 1977 

Letter From: Department of Defense Explosives Safety Board 
To: Chief of Naval Operations 
1 September, 1977 

Material Disposal of by Open Burning 
Naval Ordriante Station 
11 October, 1978' -

Preliminary Commissioning Estimate For Second Increment, 
Propellant Disposal Facility 
20 March, 1979 

FBI EntrainmentCalcs .. 
Naval .6rdnance Station 
4 September, 79 

Demonstration of Fluidized Bed Conveyor 
Rexnord - Louisville, KY 
4 December, 1979 
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Propellant Disposal Facility, Increment II 
21 July, 1977 
Memorandum 

Memorandum 
Fluidized Bed Incinerator 
n July, 1977 

Proposed Plan for Zimpro Demonstration 
SO June, 1977 

Memorandum. 
Fluidized Bed Incinerator; 
21 June, 1977 

Memorandum 
Design Review of Fluidized Bed Incineration 
16 June, 1977 

Memorandum 
Propellant Disposal Facil ity 
7 June, 1977 

Design of a Propellant Facility/Reclamation Facility 
25 October, 1972 

Military Construction Project, P-947, Propellant Disposal Facility, 
Second Increment 

. March 26, 1979 

Memorandum 
Propellant Disposal Facility, Second Increment 
5 November, 1979 

Memorandum 
Propellant Disposal F~cility, First Increment 

. 28 November, 1979 

Memorandum 
Propellant Disposal Facility, Second Increment 
18 September, 1979 

Memorandum 
Propellant Disposal Facility; checkout of 
17 February, 1978 

Memorandum 
Propellant D,isposal Facility, $econd Increment. 
19. April, lQ79 

Memorandum 
Propellant Qisposal Facility, iecond Increment 
13 December, 1978 
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Undefinit'i!zed or Unfunded WPM Change Orders. 1st Increment 
5 February, 1980 

Review Comments on FBI Interlocks and. Controls 
2 April, 1980 

Review Comments For Scope of Work For Modifications P-00013 
2 May, 1980 

letter' From: Department of Health and Mental Hygiene 
To: Navordsta 

Propellant Disposal Facility Techno/Economic Study 

Cost Estimate to Mothball Propellant Disposal Facility 

Proceedings to the American Defense Preparedness Assoc. 
Symposium on Demilitarization of Conventional Munitions 
18 May, 1977 

1974 Jannaf Propulsion Meeting Vol. 1 part II 
Johns Hopkins University . 

Industrial Preparedness Measure: Propellant Disposal/Reclamation 
Fac i1 ity Des i gn 
28 September~ 1973 

Propellant Disposal Demo,nstration by Wet Air Oxidation 
Zimpro Inc. 
Nov, '71 

Economic Analysis Handbook 
July, '80 . 

Amendment of Sol icitation/Modi fication of Contract 
6 June, 198~ 

Operation and Maintenance Instructions For the 
Wet Air Oxidation Unit For the U.S. Navordsta. 
Zimpro Inc. 
6 June, 1983 

Notice: Bids: Wet OXidation System 

NAVSEA OP 5 Volume 1 Fourth Revision 
Ammunition And Explosives Ashore 

10 gpm Zimpro 

Contract No. N62477-72-C-0803 Drawing and Specifications - . 
for·Propellant Disposal Faci1 ity at the U.S. Naval Ordnance 
Station Indian Head, Maryland 

Contract No. N62477-74-C-0333 Drawing and Specifications - Second 
Increment Propellant Disposal Facility at the U.S. Naval Ordnance 
Station Indian Head, Maryland 
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Memorandum 
Propellant Disposal Facility 
9 January, 1979 

Memorandum 
Propellant Disposal Facility, Second Increment 
6 November, 1979 

. Memorandum 
Prope1lant Disposal Facility 
2gAugust, 1979 

Memorandum 
Propellant Disposal Facility 
16 August, 1979 

Memorandum 
Propellant Di~posal Facility, Second Increment 
16 August, 1979 

Naval Speedletter 
Military Construction Project, P-947, Propellant Disposal 
Fac 11 i ty ,Secpnd Increment 
April 20, 1978 

Mi 1 itary Construct ion Project P-879, Propell ant Di sposal 
Facility, First Increment; submission of Facility study for 
30 August, 1971 

·M.il itary Construction Project P-879, Propel 1 ant Di sposal 
'Facility, First Increment; Resubmission of facility study for 
20 Nove~ber, 1972 
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II. Contaminated Waste Processor -
Equipment, Process, Controls 
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DESCRIPTION OF SYSTEM 

The Contaminated Waste Process (CWP) is designed to thermally destroy, 

explosive or toxic contaminated waste~ and to decontaminate metal parts b)t 

flashing. The wastes typically consist of rags, gloves, sludges, shipping 

containers, wood pallets, piping, pumps, motors, etc. The CWP is comprised' 

of 3 major elements: the carbottom furnace, the a ir poll ution control system 

and the feed systems. A description of each follows. 

Carbottpm Furnace 

The CWP furnace is a single chamber, self-propelled carbottom type with 

a capacity for loading a 6 foot high by 8 foot wide by 21 foot long load of 

10,000 pounds gross weight. The nominal interior dimensions of the furnace 

are 7 f~et high from top of carbottom to ceil ing of furnace by 8-1/2 feet 

wide by 21-1/2 feet long. The load door opens vertically so that there is 

6-1/2 feet of clearance ~bove the top of the carbottom. The furnace is 

designed to operate at a 18000 F maximum continuous working temperature with 

a capability of withstanding intermittent temperatures of 22000 F. The 

furnace is operated under a negative pressure of approximately 0.1 inch water 

to control fugitive emissions. Included with the furnace is an unfired 

vertical afterburner to provide a residence time of approximately 0.4 to 0.5 

seconds for the exhaust gases at 16000 F. 

The CWP furnace is insulated so·th~t it can withstand a hot face 

temperature of 22000 F and will not be affected by thermal cycl ing. The 

nominal thickness of the insulation is 6 inches consisting of a bas~ of 

3-1/2 inches of mineral block insulation, maximum operating temperature of 

, 
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1800oF, and an outer layer of 2-1/2 inches of aluminsilica ceramic fiber 

blanket, maximum operating temperatu're of 2300oF. 

The car bottom has a structural steel frame and two layers of cast. 

refractory insulation.' It is designed to transport a load of 10,000 

pounds at a peak speed of 36 feet per minute. 

The CWP I s burner system consists of two combination oil/gas burners 

that supply a total 7. 3mill ion BTU/hour . They are modulated from high 

to low fire to maintain an.Jnte,rnal temperature of 1600or. The burners' 

are each linked to air injection nozil~sto provide~ombustion air for 
'"- '. - - . - . , 

the waste. ,As the waste' ~egins to burn and generate its own heat, the 

burners ~urn back to Jow fire. Under the same a~tion, each air inje~tion 

nozzle adds up to 1700 SCFM of air to ensure complete comb~stjon of the 

waste. 

Air Pollution Control System 

The CWP air pollution control system (APCS) os desi~nedto meet 

EPAls allowable particulate emissions of 0.08 grains/SCF corrected to 

the amount of oxygen in the stack. The APCS consists of a gas cooler 

cyclone, baghouse, exhaujt ~n, and exhaust stack~ The furnace exhaust 

gas (4000 scfm) will be maintained at nominally 16000F to assure combus

tion of the wastes. Dilution air will be added to the 16000F exhaust 

gas to provide 9000F air at the gas cooler inlet. The gas cooler will 

cool the furnace diluted exhaust gas down to 2500 F in order to provide 

gas temperature conditions within the operating 1 imit of the baghouse. 

The gas cooler is used to minimize the exhaust fan power requirements 

as well as exhaust gas processing requirements. The exhaust gas will 

- 2 -
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then pass through the cyclone to remove particulates down to approximately 

the 30 micron size, foJlowedby the baghouse for removal of particulates to 

0.5 micron. It is expected that better than 99% of the emitted particulates 

will be removed by the cyclone/baghousecombination. The exhaust gases (250°F) 

will then pass through the fan, which provides a negative draft on the CWP 

system,and exist out the exhaust stack. 

Feed Systems 

Two types of feed systems are provided: 1) Batch loading onto the 

bar~ottom using an automated overhead trolley system; and 2) continuous 

furnace top dump conveyor system with front end preparation. The carbottom 

system allbws the furnace to not only handle typical wastes that are generated, 

but will al so give the furnace the added versatil ity of flashing metal objects , ':11 

such as bombs, projectiles and odd shaped wastes such as blowers,cQolers; 

long pipes, etc., that are not conducive to conveyor feed. 

a. BatchSystem 

The batch 1 oadi ng uses a 6 foot wide by 12 foot· long by 2 foot high 

loading basket with a holding tray below. The basket is placed on the standard. 

carbottom with an overhe,ad travel ing troll eyl oadi ng system. The load; ng basket 

is designed to allow for batch or continuous feeding of contaridnated waste. 

The basket is fabricated of steel with wire b~aided sides and, 

enclosed pan to catch the ash and residue. Large metal scrap may be placed 

directly (jn the car, for batch processing. This can be accomplished by using 

the overhead trolley with a sling ora forklift (if carbottom is cold). The 

smaller scrap may be placed in the baskets with the contaminated wa$tes to be 

processed. These baskets will be loaded at some distance from the car in the 
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loading· area. The baskets will then be picked up and transferred. to the 

furnace by the overhead trolley. Remote controlled quick release hooks will 

be used t6 load and unload the baskets thus insuring the safety of the 

operator. 

b. Continuous Feed 

A top dump conti nOoUs conveyor feed system may be used to increase· 

the processing capacity of the furnace as well as its flexibility. The 

smaller scrap will be loaded (pushed) onto a continuous feed conveyor, 

carried to the top of a shredder and then into the furnace. The industrial 

waste shredder is driven by a hydraulic motor. The shredder has the capacity 

of shredding 55 gallon drums, railroad ties, wire, cable, light gauge scrap 

metal, cloth; paper and cardboard. It ha~ shredding rates to 120 pallets 

per hour and can process approximately 40-55 gallon drums per hour. The 

shredded waste will be carried from the shredder and dumped into the furnace 

using a cleated conveyor. 

CWP Operation. 

Operation of the CWP will first require the start-up of the furnace and 

APCS. The start-up will be automatically controlled from the central control 

panel. Once a flame is established in the furnace, the waste materials can 

be fed to the furnace via the overhead trolley or continuous feed system. 

During continuous feed system operation, the conveyor feed will be 

interlocked with the furnace temperature sensor to control the rate of waste 

input. In the event of a high temperature situation, the feed conveyor will 

automatically stop. Also, the hopper under the shredder will be interlocked 

with the shredder feed conveyor and when a pre-determined volume of shredded 
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material has collected in the hopper, the shredder feed conveyor will stop. 

Though the interlock system should prevent overloading the furnace, operator 

awareness and concern should help keep the system operating smoothly. 

After the furnace/carbottom has cooled, probably at the beginning of the 

next day's operation, the carbottom will be cleaned by vacuuming up the fly ash. 

If the batch loading system is to be utilized, thefurnace/APCS will b~ 

started and a basket will be loaded with waste material for processing. With 

the flame established in the furnace, the basket will be loaded on the carbottom 

and the carbottom then advanced into the furnace. While one basket is in the 

furnace, another is loaded with material for processing. When the first batch 

is consumed~ the car bottom is brought out of the furnace and the hot basket is 

unloaded from the car and placed in the cooling area. A loaded basket is then 

placed on the car and the cycle is repeated. When all the baskets are cool, 

probably at the beginni,ng of the next day's operation, the cooling area and the 

carbottom tray wi 11 be cl eaned by vacuumi ng up the fly ash and shovel i ng up 

the residue scrap metal. 

The complete system is designe~ to operate from a main control panel. 

Individual control panels are provided at specific equipment for maintenance 

etc. 

Large Item Flashing 

When the need arises for flashing large or heavy items that exceed 

the capacity of the baskets, the items will be loaded directly on the car~ 

bottom with a forklift. Flashing operations for this type of item will be 

the first operation of the day when th~ carbottom is cool. Access will be 

provided through a door at the furnace end of the building for loading large 

or heavy items directly on the carbottom . 
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Problem.Areas * 
The CWP is a new system, it has been checked out and complies with 

all environmental regulations however, during startup, the following 

probl ems devel oped and must yet be resol ved. 

1. Baskets. Due to the weakening of the metal at 16000 F, the 

basket deformed under full load as it was picked up off the 

carbottom. .The basket design must be re-engineered to correct 

this. 

2. OV.erhead Trolley ~ Due .to mt sa 1 i gnment, and tolerances on the 

trolley's rail system, it had a tendency to bind up. The 

tolerances are being tightened up and a large motor specified 

which should eliminate thil problem. 
, 

3. Shredder. The wastes from the shredder had a tendency to bind 

up in the double sliding valve prior to being fed into the 

furnace. The shredder has been sent back to the manufacturer 

for corrective action. 

Although the above problems do exist in the system, each is being 

addressed and should be resolved in the near future. 

Attached is a detailed step sequence on the CWP control philosophy 

that describes the ~orkings of the system in detail. 

*NOTE: The report from which this information was taken is several years 

old. At this time, with several operating facilities, most 

operational problems have been corrected. 
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CWP CONTROL PHILOSOPHY 

Descri pt i on of System~ 

The Contaminated Waste Processor System consists of the following 

sUbsystems: 

A material handl ing system for loading and unloading waste containers. 

into the furnace. The following equipment is included: 

(1) Furnace door. 

(2) Purnace Carbottom. 

(3) A two speed trolley/hoist system used to place waste handling 

baskets in the positions required for loading, unloading, and 

cooling of the waste material . 

(4) Basket type containers for holding wastes for processing. 

A shredder system for supplying a continuous feed of shredded wastes 

into the furnace. This system includes the following equipment: 

(1) Shredder input conveyor. 

(2) Shredder. 

(3) Furnace feed conveyor. 

(4) Sliding gate mechanism for'dropping the shredded wastes into 

the furnace. 

A waste processing furnace which includes the following: 

(1) One large burner and one small burner for supplying heat input. 

(2) Combustion air blower. 

(3) Excess air blower. 

( 4 ) Fl arne sa fegua rd system. 

(5) Burner ignition system. 
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(6) Combustion temperature control system •. ' 

(7) Burn cycle control sy,stem for batch~continuous feed,and 

flashing operations. 

A pollution control system with the following equipment: 

(1) Stack dump damper. 

(2) In1ine shutoff damper. 

(3) Dilution air damper . 

(4) Draft control damper. 

(5) Gas cooler w/tipping valv.e. 

(6) Cyclone w/tipping valve. 

(7) Baghouse w/automatic cleaning system. 

(8) Draft fan. 

( 9) Draft control system. 

(10) Temperature control system. 

The operation and control of these subsystems is discussed in detail 

in the following sections. 

Material Handling System Control 

T~e material handling system equipment will be controlled via manual 

pushbutton§ or a microprocessor based automatic control system. All control 

functions are operable in manual mode, including all safety interlocks. 

However, since it is anticipated that automatic operation will be used almost 

exclusively, the following discussion will pertain to the automatic control 

of the System. 

The primary function of the automatic material handling system is to 

provide the correct placement of the waste containment baskets for loading, 

processing in the furnace, cooling, a~d unloading. To accomplish this, the 

seven available positions for the baskets have been defined as follqws: (See 

figure 3) 
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Figure 3 

(1) Position 1 - Carbottom.. From this position, the basket will be 

loaded into and unloaded from the furnace. 

(2) Posittons·2 thru 5- Cooling positions. Baskets will be placed 

in these positions for a cooling period after processing through the furnace. 

(3) Positions 6 and 7 - Load/unload 'positions. Baskets in these 

positions will be cleaned and reloaded for processing into the furnace. 

Prior ,to system startup, baskets will be manually placed such that an 

empty position exists in position 2, 3 or 4, and position 6 or 7. These empty 

positions will later be preloaded into the microprocessor memory as the first 

cooling position (position 2, 3 or 4) and the first return position (position 6 

or 7). Based on this in~rmation, the microprocessor will control the placement 

of hot, unloaded, and loaded baskets in a rotating fashion during the daily 

operation. 

The material handling functions have been separated into three 

independant cycles: 

(1) Unload furnace. 

(2) Basket transfer. 

(3) Load furnace. 

- 11 -
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These cycles are defined as follows: 

Unload cycle - opens the furnace door, moves the carbottom (with basket) 

out of furnace, and opens the interior barricade door. This cycle is initiated 

by operator push button. 

Basket transfer - Moves hot basket from the carbottom (position 1) to an 

empty cooling position, a cool basket to the loading area (position 6 or 7), a 

loaded basket to the carbottom, and checks and opens or closes the interior· 

barricade door as necessary. This cycle is initiated by operator pushbutton 

or under program control. 

Load cycle - Checks and opens the furnace door if necessary, moves 

carbottom into furnace, closes the furnace door and insures that the 

barricade door is closed. This cycle is initiated by operator pushbutton or 

under program control. 

Automatic control is separated into two modes: 

(.1) Select cycle. In this mode, any of the three above cycles can be 

initiated by pushing the appropriate cycle start button. Only one cycle may be 

in operation at anyone time. Cycles may be operated in any desired sequence, 

as long as all interlock requirements are met. 

(2) Auto sequence. This mode will be used for most batch loading 

operatiors. Operation in this mode will cause the furnace unload, basket 

transfer, and load cycles to automatically sequence (under microprocessor 

control) in that order. Initiation of the total sequence is normally via the 

unload cycle start button. Completion of the unload cycle will be automatically 

followed by the transfer and load cycles. The auto sequence will automati"cally 

stop after completion of the load cycle.· Auto sequence may be initiated by any 

of the cycle start buttons; however, the sequence will start with the cycle 

initiated and will stop after the unload cycle, as in normal operations. 

- 12 -
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Furnace door operation. Provision is made for manual operations of the 

furnace door if no automatic cycle is processing. This allows the operator to 

monitor the status of the burn without switching to manual control. 

Based on the above discussions, a typical startup and operation procedure 

of the material handling system will be as follows: 

(1) Step 1 - Turn on power. 

(2) Step 2 - Turn mode select switch to "preload" .. 
( 3) Step 3 - Turn preload select switch to "cool pos iti on" and hold. 

(4 ) . Step 4 - Push position button 2, 3, or 4 to select first cooling 

position. IIReady" light wi 11 turn on for 3 seconds, and turn off. 

(5) Step 5 - Tlirn preload select switch to "first return" and hold. 

(6) Step 6 Push position button 6 or 7 to select the location of 

the first loaded basket. "Ready" light will turn on. 

(7) Step 7 - Turn mode select switch to "Auto Cycle" 

(~) Step 8 - To load first basket into furnace, push "Crane Cycle 

Start." The system wi 11 respond by unl oadi ng the carbottom, pi ck i ng up the new 

basket, placing.it on the carbottom, and loading it into the furnace. After 

completion of the burning process, push "Unload,!Cycle Start" to initiate the 

automatic sequence. 

For a more detailed description of the system operation, reference 

Appendix A of the microprocessor specification. 

Shredder Control. 

The shredder system consists of a commerical 75 HP shredder, a shredder 

feed conveyor, a furnace feed conveyor, and a sliding gate valve system. 

Control of this system is totally automatic and includes the following 

provisiqns: 

(1) Shredder jam detection. 

(2) Furnace overtemperature shutdown. 
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(3) Shredder hopper full detection. 

(4) Fire detection/deluge system. 

I 

Shredder control is initiated from the main control panel. The 

shredder will be used during continuous feed operation only. 

The furriace feed conveyor wi 11 . incorporate a variabl e speed drive 

system to allow adjustment of furnace feed rates. The sliding gate system 

will be cycled when a load of material is dumped from the conveyor into the' 

hopper. 
. 0 

If the furnace temperatures exceed 1800 F, the shredder system will shut 

down. Restart will automatically occur after the furnace temperature drops 

below approximately 17000 F. 

Automatic cycling of the sliding gate system will occur ona furnace 

overtemp. This will discharge any residual material from the gate valve 

mechanism. 

furnace Controls. 

The primary control functions required for the furnace pertain to 

regulating the furnace temperature at specified levels to provide total 

destruction of the contaminated wastes while simultaneously allowing for 

system safety and energy conservation. To accomplish this task, a combustion 

control circuit board has been designed which will control the fuel and air 

input levels in such a way that an operating temperature of 16000 F will be 

achieved using minumum fuel. This is b~sed on the fact that fuel input is 

needed only to initiate the combustion of the waste material. Once this 

combustion is initiated, the fuel input is decreased and the required heat 

input for maintaining, the 16000 W temperature is suppl ied by the burning 

waste material. After the burning process has subsided, fuel input is 

increas~d only as necessary to maintain operating temperature. 
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A second important requirement for furnace control is a method of ensuring 

that a flame is present. This is accomp1 ished via a flame safeguard unit which 

monitors the presence of a flame on both burners, and shuts off the fuel input 

on loss of flame. This unit will initiate other appropriate shutdown processes 

and sound an alarm if the flame is lost from either burner. 

The burning process has been separated into three modes: 

(1) Batch operation. 

(2) Flashing operation. 

(3) Continuous feed. 

The batch and flashing modes both utilize the basket input processes (load, 

unload, and basket transfer cycles). The batch mode is used for processing 

combustion wastes, and the time duration of the burn is primarily determined by 

the burning rate of the material, plus a fixed time per.iod to guara.ntee total 

destruction. The flashi ng mode is used fornon-combusti ble material S.; and the 

time duration of the burn is preset by the operator. In both of these modes, 

the burn cycle is initiated by the operator, and the cycles are automatically 

stopped on completion of the burn. 

The continuous feed mode uti1 izes the shredder system to supply waste input 

into the furnace. The burning process in this mode is started after the furnace 

is at operating temperature and the $hredder system is started. In this mode, .. 

the cooling cycle (automatically initiated in batch and flashing modes) is 

initiated by operator pushbutton, following shutdown of the shredder system. 

A typical operating procedure for batch operation is as follows: 

(1) Step 1 ~Preparation) Ignite burners and operate 10ad~ unload, 

and basket transfer cycles as,necessar.y to load furnace. Select batch mode 

operation. 

- 15 -
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(2) . Step 2 Push burn cycle start button. The "Burn Cycle On" light 

will turn on and automatic burner controls will cycle. Upon completion of the 

burn, the "Cool Cycle On" light will turn on •. When the furnace temperature has 

cooled to 800°!=', the "Burn Cycle Complete"light'willturno'n. 

For flashing operation, the above procedure will· include selecting 

flashing mode and setting the required time interval prior to pushirig "Burn 

Cycle Start" 

For continuous feed operations, the carbottom with a loaded basket will 

be moved into the furnace, the furnace door will be closed and the burn cycl e 

initiated~ The.shredder system will operate as required to maintain 

temperature. 'Upon completion of continuous feed operation the operator will 

push the "Cool Cycle Start" pushbutton. When the' temperature drops to 8000 F, 

the "Burn Cycle Complete" light will turn on. 

Air Pollution Control. 

As discussed in section 1, the pollution control equipment consists of 

a gas cooler, cyclone, baghouse, and draft fan, with appropriate control 

dampers. The following is a more detailed description of the above equipment. 

Gases leaving the furnace enter a vertical stack. The top of this 

stack contains a "dump" damper, which, when open, allows the gases to dump to 

the atmosphere. Under normal operating conditions, the dump damper is closed, 

and the gases are pulled through a horizontal duct leading from the furnace 

stack to the gas cooler. Between the vertical stack and the g~s cooTer is a 

IIdilution ai.r"damper which allows outside air to mix with the furnace exhaust 

for temperature control .. The temperature of the mixed air is monitored pr.ior 

to the gas cooler and the dflution air damper ,is modulated to maintain the gas 

temperature at 900oF. An additional controller will shutdown the ~ystem~ 

dumping the exhaust gases to the atmosphere, if·the temperature exceeds 10000 F 

at the entrance to the gas cooler . 

- 16 -
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The gas cooler is a conmercia1 system consisting of four banks of cooling 

area. This system will c;ool 9000 F air to approximately 2500 F at the discharge. 

Any particles dropping out in the cooler will be discharged through a double 

tipping valve. 

Following the gas cooler, the gases will enter a cyclone separator 

which is designed to separate particles of 30 microns in diameter or larger. 

These particles will be discharged from the cyclone via a double tipping valve 

system. 

The cyclone will discharge the gases into a baghouse filter system. 

Prior to the baghouse is an in-line shutoff damper which will close if the gas 

temperatures exceeds 280oF. This temperature is monitored at the entry and exit 

of the baghouse. 

The baghouse consists of a 196 bag s~lf cleaning system. Thedust 

collected in the baghouse will be discharged through a sliding gate mechanism 

(manually opened and closed). _Continuous cleaning of the bags is obtained via a 

pulsed air system. Particles larger than approximately 0.5 microns will be 

removed from the air stream. 

The gases leaving the baghouse will go through an in-line draft control 

damper into a60 HP blower system which discharges the air into a vertical stack 

and to the atmosphere. The draft control damper is modulated to control furnace 

draft at O.l" H20 as measured in the furnace chamber. 

The air pollution control system is started by turning on the gas cooler 

and the draft fan. The system is automatically shut/down in the event of 

baghouse or gas cooler overtemperature, or overtemperature in the furnace. 

Shutdown of the APCS will in turn initiate an emergency shutdown of the furnace 

system. 

- 17 -
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Miscellaneous Controls. 

An optional loading system for the furnace provides loading of baskets 

on the carbottom from an open area beyond the furnace. This option util i zes the 

trolley/hoist system and is operated under manual control only. 

Remote control panels are provided for manually operating 1) MHE 

equipment and 2) Burner ignition. 

The gas cooler and shredder equipment have self contained control panels. 

These controls are enabled from the main control panel. 

The above descriptions are general in nature and do not attempt to provide 

detailed operational o~ control logic functions. 

References: 1. This material was assembled using material taken from the 
Contaminated Waste Processor~esign specifications authored 
by the Ammunition Equipment Office, Tooele Army Depot. 
Approximate Date 1980. 

/ 
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SUMMARY 

There are several 8D1DUuition plants within the U. S. Army Armament Materiel 

Readiness COIDm.and (AlUtCOH) with missions to manufacture propellants, explosives 

and pyrotechnics (PEP); and to load ali assemble munition: end-items. Throughout 

the processes of manufacture and assembly,. PEP w4Btesare generated that have 

traditionally been disposed of by open-air burntng or detonation. 

These disposal techniques are no longer enviromnentally acceptable. ARRCOM's 

Environmental Quality Office, within the Installation and Services Directoratei 

requested the Ammunition Equipment Of~ice, at Tooele Army Depot~ Utah, testthe 

feasibility of burning PEP wastes in the APE 1236 Deactivation Furnace. 

The APE 1236 Deactivation' Furnace is an·incinerator developed specifically 

for demi~itarization of conventional end-item munitions. The furnace has been 

in use for approximately 25 years at the Army's ammunition storage depots. 

Tests proved the feasibility of burning various bulk explosive and pro

pellant wastes in the furnace at rates up to 600 pounds per hour for some 

types of PEP. Burning PEP wastes in ~he 'furnace provides a containment system 

wherein exhaust emissions from the burning process can be captured and cleaned.' 

The ,Ammunition Equipment Office has been funded by the Corps of Engineers 

to provide an APE 1236 Deactivation Furnace with such ancillary eqUipment as 

air pollution controls and special feed mechanisms to several Army Ammunition 

Plants. 

This document is intended to provide such information as to permit fami1ia~

ization with and evaluation of the several equipment components that comprise 

the Explosive Waste Incinerator. 
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INTROPUCTION 

\ 

Disposal of eKplosive wastes that are generated datly during the 

processes of manufacturing explosives and munitions at ARRCOM's Army 

Ammunition :Plants (AAP) is a probl~. of ma~or proportions because of 

restrictions on open-air burning, the long-practiced method of 

incineration of explosive wastes. 

A meeting was held at HQ ARRCOM on 29 September 1976 for the 

purpose of standardizing criteria fo~ an acceptable alternative to open 

burning; specifically an explosive waste incinerator. A decision was 

made at that meeting to specify the APE 1236 Deactivation Furnace as 

thepresently'available technology for explosives incineration and, 

therefore, the acceptable incinerator for installation at the various 

AAP.l 

An Explosive Waste Incinerator (EWI) is a system designed to 

dispose of PEP and PEP-filled wastes that result from manufacture of 
I 

propellants, explosives and pyrotechnics; and loading of munitions at 

the Army's Ammunition Plants. 

The EWI will be used to' burn a large variety of high explosives 

(Composition B, TNT, Tetryl, Octol, Black Powder, etc.); single and 

double base propellants and compoaites; and pyrotechnics (signal 

flares,. illuminating candles). In addition to these bulk wastes, 

various assembled end-item munitions may be burned. 

Waste PEP is generated from a number of sources, including 

off-specification and scrap materials resulting from research and 

development, primary productiqp, loading, rework, demilitarization, and 

resource recovery operations. 

lLetter DRSAR-ISC-A to DRXTE-AEO;Letter of Confirmation, 19 Oct 7,6. 

I 
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During R&D, wastes such as residue"from lathe ,turning. mixing 

operations scrap, obsolete or unstable samples" and bulk materials that 

become overage are created. Prod~ction operations produc~ waste PEP 

from fi11i118 plant processing, cleanings fran catch basins aDd sumps, 
I 

mater1alsfromproduction jobs considered unsafe for storage or 
I , 

handling, and unserviceable" off-specification aDd excess materials. 

Testing also produces waste PEP such' as excess items from tests, 

misfires,. andpart1ally consumed test items. Table 1 illustrates the ' 

scope of the waste PEP problem, showing quantities of wastes generated 

currently at each AAP an the quantities expected to be generated under 

mobilization (MOB) condition"s. 

The PEP wastes are in many configurations that include flake, 

graqular, powder, chunks' (riser, funne1scrap), cubes and pellets.... The 

wastes may be dry·or in slurry form. The wast~s will also be in 

"end-item" configuration such as booster assemblies" small arms 

amm~nition, rocket motors and warheads, and artillery primers, fuzes 

and projectiles., Photographs of many' types of wastes are contained in 

App~nd1x B. 

BAC~GROUND 

In August 1975, AEO was contacted by ARRCOM (DRSAR-ISE) 

concerning possible methods for disposal of bulk explosive wastes. 

ARRCOM had a concept in mind, called SITPA (!imp1ified ~ncineration 

!echniques for Po11utioll Abatement), that consisted of burning layered 

explosive on a pad covered with a canopy which could be ducted to some 

air pollution control device. 

AEO suggested a couple of approaches and was subsequently funded 

to perform tests. The two methods became known as SITPA I and II and 

were tested in the September-November 1975 time frame. 

2 
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AAP 

Louisiana 

Holston 

Indiana 

,Iowa 

Kansas 

Longhorn 

Milan 

r Crane 

McAlester 

Volunteer 

Badger (I) 

Cornhusker 

Joliet (I) 

Newport (I) 

Ravenna (I) 

Redstone 
Arsenal 

TOTALS 

(I) - Inactive 

ND - No Data 

FY HE 

74 3/ND 

74 6/40 

78 51/ND 

79 5/93 

79 0.5/10 

79 0.5/ND 

79 29/73 

80 ND 

80 ND 

80 82/274 

81 

81 0/41 . 

81 0/53 

81 0/61 

81 0/83 

79 

177 /728 

TABLE 1 

WASTE GENERATION RATES 

TONS PER MONTH 

(Current/MOB). 

PROPEL- EXPL FILL - PYRO-

LANT ._ END ITEMS - TECHNICS 

O.l/ND l/ND 

3/86 

0.1/0.1 0.1/1 

2/ND 12/ND 11/ND 

0.5/1 Neg 

ND ND 

ND ND 

0/36 

Neg 

0/1 - 0/27 . 

0 

25/ND 

31/124 13/28 

TOTALS 

4/ND 

6/40 

51/ND 

8/179 

1/11 

26/ND 

30/74 

ND 

ND 

82/274 

0/36 

0/41 

0/81 

0/61 

0/83 

25/ND 

232/880 

These data obtained from waste survey questionairres answered by the AAP in 

June 1978. 
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SITPAI which was a variation of the original ARRCOM concept, 

dealt with burning layered explosive wastes in a pit, or trench that 

was covered with steel plates, 'with'a suction fan providing an air flow 

countercurrent to the direction of the flame front to permit control 

over the burn rate. The exhaust gases could then be. ducted from the 
\ 

trench into an air pollution control device. SITPA I tests were 

conducted during October 1975 •. 

AEO then conducted tests to determine the feasibility of burning 

bulk explosive wastes in the APE l23~ Deactivation Furnace (SITPA II). 

The furnace is'a time-proven piece of equipment, used for approximately 

25 years, at the Army's alllltlunition storage depots to destroy or 

demilitarize conventional end-item munitions. 

In October and November, preliminary testing was done" blJrning 

reclaimed pelletized TNT in the furnace. The furnace used in these 

early tests had an APE 1276 Air Pollution Control System (APCS) 

installed, but the fil ter bags, were removed as a precaution against 
) 

burning; however, the furnace emissions were passed through a cyclone 

collector-before final exhaust. 

Data from these early tests showed that bulk explosive wastes 

could be burned in the furnace under controlled conditions with certain 

modifications. 

1. A better method of feeding the explosive into the furnace was 

required • 

2. An APCS capable of handling higher temperatures and larger 

volumes of gases than can be handled by the APE 1276 APCS appeared 

necessary. 

4 
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During the peritldApril' throJ1gtr'JUly 1976, acidltion.u.. tests were 

conducted burning various types otexplosive wastes including 

propellants, octol, black powder and composition B. The tests were 

conducted to determine burning characteristics and to establish some, 

preliminary feed rates. 

All of this testing led to the'ARRCOM decision in September 1976 

to use the APE 1236 Deactivation Furnace as the basic component in the 

explosive waste incineration program. 
{ 

Concurrently with these test efforts AEO had designs on the board 

for a positive feed system, funded throJ18h the ARRCOM's Ammunition 

Peculiar Equipment (APE) Program, to supplement the standard furnace 

feed conveyor for feeding certain conventional end-item munitions into 
, . 

the furnace. It now appeared the new feed system had application for 

feeding bulk explosive wastes. 

AEO then received funding i~ June of 1977 to continue some 

testing, finalize deSigns for an APCS, and to provide !WI equipment for 

two installations (Holston & Louisiana AAP's). There were sixteen 

installations programmed through FY8l at the time of the writing of 

this document. They are shown in Table 1. Table 2 summarizes the 

burn-testing conducted to date, while Table 3 presents some particulate 

emission data. 

AEO is tasked to provide, with funding from various Corps of 

Engineers districts, the equipment that makes up the Explosive Waste 

Incinerator. That equipment will be installed within facilities 

constructed by other Corps of Engineers contractors. 

5 
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" TABLE 2 - SUMMARy OF, ' 
EXPLOSIVE WASTES BURNED - 15 SEP 78 

EXPLOSIVE' , 
WASTE CONFIGURATION 

Composition B Chunks, riser scrap 
Composition A-3' Thin flakes 
Composition A-3 Cubes 
Composition A-5 Fine granular 
TNI' Pellets 
TNT Flakes 
Nitroguanidine Fine powder 
Black Powder Pellets 
Octol Chunks, riser scrap 
Ml Propellant Small cylinders 
M9 Propellant Flakes 

(1) Maximum achieved with confidence 
(2) By chemiluminescence 

, TOTAL 
FEED QUANTITY 
RATE BURNED 
LB/HR Lbs. 

300 2,600 
200 650 
200 2,040 

2,035 
340 5,500 

2,165 
200 800 
180 2,075 
450 800 
240 400 
200 1,040 

20,105 

TABLE 3- PARTICULATE EMISSION DATA 

Feed Rate 
Stack Velocity, fps 
Stack Volume, scfm 
Stack Temp, OF 
H20 Content, % 
Particulate 

* Concentration, grlscf 
Particulate 

* Mass Rate, lblhr 

*EPA Method 5 

TNT 
1 

70.1 
2088 

617 
4 

2.11 
37.75 

TNT 
2 

70.5 
2211 

553 
5 

1.52 
28.80 

6 

Black 
Powder 

1 

69.9 
2702 

388 
2 

1.51 
34.97 

Ave 

1,000 

200 
3,000 

30 
25 

Black 
Powder 

2 

67.6 
2589 

396 
2 

1.55 
34.38 

Nax 
ppm 
Peak 

1,500 

340 
4,000 

60 
180 
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DESCRIPTION OF SYSTEM 

The standard !WI· systeua is comprised of five major elements: 

Deactivation Furnace (DF); Positive Feed System (PFS); Air Pollution 

Control System (APCS); Container Retrieval System (CRS); and Equipment 

Control Panel (ECP). Figure 1 presents an artist's concept of the 

assembled !WI albeit slightly different from the final design 

configuration shown in Figure 2. Site-specific requirements may 

dictate some deviations from. the stat;ldarddesign described herein. . All 

equipment components are described on Ammunition Equipment Office 

Drawing Series T-377. 

Furnace 

EXPLOSIVE WASTE INCINERATOR 

Figure 1 

The major component of the !WI is the furnace. The furnace used 

is an APE 1236 Deactivati~n Furnace, a long-time standard item in 

7 
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ARRC~'s Ammunition :Pee,uliar'p;q~ipm.ent (APE) inventory. 'l1ie DF 

was developed in the eat;tY 1950's to, dem~itarize eonventional, 

explosive-filled en~-itemmunitions at Army depots throughout the 

eountry and acONUS. In recent years, use of the DF has been expanded 

'greatly and there are approximately 25 furnaces curr~ntly in use in a . 

variety of eonventional and chemical munition demilitarization programs 

(exclusive of the Explosive Waste Incinexoation program discussed 

herein). 

The furnace, Figure 3, consists of feed and discharge assemblies: 

a cast-steel revolving retort within whieh the heating and destruction 

'of munitions or explosives occurs, and various ancillary equipment. 

---:. 

RevolviD8 Retort 

.. _ .. _ .. _--_._----

,Dbchaqe and 
Buner Au.hly 

--------------~,~~---------------

DEACTIVATION FURNACE 

Figure 3 
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. Bulk explosive, wastes lOaded iritoopen-top containers, are 

injected into the furnac~ 'by~ posit1Vefeedsy~teJD (described later 
. . 

herein)\Whlle assembled 'or degraded end-item munitions are fed into 

the furnace ona pantype feed conveyor. Safety interlocks insure that 
. . . 

both feed systems are not operation&! simultaneously-.'l1le explosive 

waetes or munitions are movedthrotigh the retort toward an oil-fired 

flame at the burner (discharge) end of the furnace by means of spiral 

flights which are an integral part of the .retort casting. As the 

explosive/munitions approach the flame they detonate or burn freely, 

depending upon the munition configuration and characteristics. An 

abnormal detonation is contai:ned by the thick retort wall (end sections, 

are 2.25" thick; center sections are 3.25" thick). The spiral flights 

provide physical separation of quantities of explosives or munitions, 

discouraging sympathetic propagation of detonations and defea~ing 

fragments generated by detonatiolls. Control over quantities of 

explosive in the furnace at any given time is a function of explosive 

feed rate, speed of rotation of the retort and temperatures within the 

retort. Normally, explosives begin burning in the first or second 

compartment of the retort and are consumed by the fourth or fifth 

compartment. The retort consists of four sections bolted together with 

two compartments per section, separated by spiral flights on 30" lead. 

Met~ components of end-item munitions or the bulk explosive containers 

are discharged from the furnace and the containers are 

forced-air-cooled and conveyed baCk to the feed room for eventual 

reuse. 

The furnace is normally operated with No. 2 fuel oil, consumed at 

rat~s of 6 gph at low-fire to 23 gph at high-fire. A predetermined 

reference temperature is established as the optimum operating 

10 
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temperature for each tyPe:"of PEP waste and; this temperature is 

maintained by automatically ~odulating the" 011 burner' fram low to 

high-fire as the need is indicated by a temperature rec.order / controller 

in the control panel. Typical average fuel consumptions fora given 

operation range from 9 to 21 gph,' for a heat input of from 1.26 million 

to 2.9 million BTU/hr. 

TWo thermocouples continuously record temperatures: One 

thermocouple, i1tsertect at the base of the exhaust stack, provides a 

reference temperature to the temperature recorder/controller which 

maintains the desired operating tempera~ure at this preset reference' 

point; the other thermocouple, inserted immediately above the flame 

. provides a reference' temperature of the burner end of the furnace. The 

controlling reference temperature is set in a range from 3000 F to 
,- . 

4000 F depending on the items to be burned. 

Combustion air is provided by a low-pressure centrifugal blower 

and by air induced through the metal~parts discharge opening and an 

annular opening where the retort enters the discharge housing. 

An ul tra-violet flame sensor ,is used to detect presence of flame 

at the burner. Upon flame failure, the UV Sensor causes a 

flame-safeguard unit in the control panel to close ~he oil valve, 

shutting off oil flow to the burner, and activates visible and au~ible 

alarms at the control panel. A retort motion sensor is used to note 

rotation of the retort and activates alarms if a failure in the retort 

drive occurs. 

The furnace is operated within a concrete enclosure designed to 

. contain the effects (blast pressures and fragmentation) of a high-order 

detonation. 

11 
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PEPand/ or PEP"';f1lled wastesw1l1be delivered in their various 
, "- > •• '. • • '.. • 

containers to the f~mace' feeci~ui~d1ng' and ()ff':'loaded by fork lift. 
. ", . ," 

The ~imUlllquantlty of explosives . permitted in the feed room will be 

limited .to a four-hour working supply.2 D~y bulk wastes will be 

manually scooped by plastic or nQn-sparking scoops f~om their delivery 

containers in' quantities predetermined by testing and specified, in 

appropriate SOP's but not to ~ceed five pounds TNT equivalent, in any 

case. Wet or slurried explosives w1ll also be loaded into the 

containers. Vacuum dewatering equipment w111 be installed, by others, 

at those plants where the manufacturing processes gener~te wastes with 

"standing" water. Assembled end-item. munitions will generally be 

hand-placed on the standard pan-type' feed conveyor which is inclined at 

approximately 200 and runs at about 44 ft/min. There are 19 sections 

sepa~ated by one inch high carrier flights. Table 4 gives feed rates 

for various quantities of items placed in each conveyor section. 

m ITEMS 

PER 

CONVEYOR 

SECTION 

1 

5 

10 

20 

30 

TABLE 4 - CONVEYOR FEED RATES 

FEED RATE 

ITEMS/MIN 

20 

98 

197 

393 

590 

ITEMS/HR 

1,180 

5,900 

11,800 

23,600 

35,400 

The furnace retort revolves at speeds fromO. 5to 3.0 rpm. Table 

5 shows the number of items that will be in each compartment of the 

retort at various feed rates and retort speeds. 

2 Letter, DRCSF to DDESB; Siting Criteria for Explosive Waste 

Incinerators and Contaminated Waste Incinerators; 31 Aug 77. 
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TABLE 5 ~ NUMBER OF ITEMS BETWEEN SPIRAL FLIGHTS 

RETORT No.. ITEMS BETWEEN SPIRAL FLIGHTS 

SPEED FEED RATE, ITEMS/MIll 

RPM 1 2 3 10 100 300 600 

0.5 2 4 6 20 200 600 1200 

1.0 1 2 3 10 100 300· 600 
" 1.5 2 7 67 200 400 

2.0 1 5 50 150 300 

2.5 4 40 120 240 

3.0 1 3 33 100 200 

Residence times within the retort at various retort speeds are 

given in Table 6. 

TABLE 6 ~ RESIDENCE TIMES 

RETORT SPEED TIME/SECTION TOTAL TIME 

RPM MIN MIN 

0.5 2 16 

1.0 1 8 

1.5 0.67 5.2 

2.0 0.5 4 

2.5 0.4 3.2 

3.0 0.33 2.6 

Positive Feed System 

The Positive Feed Sytem is a specially designed mechanism for 

injecting containers of explosive into the APE 1236 Deactivation 

Fur~ace. The positive feed system was designed as an accessory to the 

furnace to .be used as an alternate to the standard feed system. For 

materials such as bulk explosives and propellants, it has the advantage 

of being a more rapid and positive furnace feed, eliminating the chance 

13 
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of these very 'heat sensitive materials beginning to burn before 

they are entirely within the confines of the retort. The system 

e~1minates direct line ,of sight from the point the containers are 

injected into the furnace to .thepoint behind a concrete barricade 

where the containers are manually placed into the. mechanism. Besides 

el1minating the chance ofexl'losive, propagation to the loading point, 

the mechanism also positively controls the feed rate to insure that 

only one container may be placed in the furnace at anyone retort 

spiral flight spacing. The containers are open-top steel boxes, 5" 

wide X 5" deep X 12" long, made of 1/8" material. 

----.- --------_ .. _ .. 

POSITIVE FEED SYSTEM 

Figure 4 

The system can be operated in two modes, manual or automatic. The 

manual mode is for maintenance ,and troubleshooting only. The operation 

of the system can probably best be explained by referring to Figure 4. 

The mechanism consists of three separate sub1il.echanisms, the input 

conveyor, the transfer and the ram. The manual operation functions by 

14 
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manually;' sequencing the push buttons on the contt'ol panel. Safety 

interlocks cannot be overridden by manual operation. When the system is 

in the automatic mode there are no . buttons to push for operation. 

Indica~ing lights in the control panel signal the location of the 

container at all times. When the system is ready to feed, the lock ·on 

the safety door releases and the door springs open. 'A container is 

then placed in the opening and the door is manually closecl. The action 

of closing the door automatically locks the door until the feeding 

operation has been accomplished and the mechanism is again in the ready 

position. 'Closing the door also trips the switch that conveys the 

container through the concrete barricade to the transfer mechanism. A 

gap of 3" is maintained between the input conveyor and the transfer to 

reduce the possibility of a fire propagating from the transfer to the 

input conveyor. 

. 
The transfer mechanism has several unique safety features. When 

the transfer is in the receive position,a steel plate is directly in 

front of the opening into the furnace, sealing this opening. When the 

container is placed in the transfer, a signal causes the transfer to 

begin to place the container in line with the furnace opening and the 

feed ram. The action of moving toward the furnace seals off the 

opening of the feed tube conveyor by means of a steel plate attached t~ 

the transfer. The transfer advan~es to a halfway position where it 

waits for a signal from a sensor located on the retort. (At this 

halfway location, both the feed tube opening and furnace opening are 

closed and the container is not exposed to excessive heat). The retort 

signal insures that one revolution has been completed, placing the 

previous container one spiral flight away from the receiving space in 

the retort opening. 

Upon receipt of the retort signal, the transfer proceeds to line 

up the container with the furnace opening. The container is 

immediately accelerated by the feed ram and it slides through the 

15 
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furnace opening along guide rails inside the door to alight within the 

retort sections. After the ram returns. the transfer returns to a 

receive position. The r8Dl 'action 1s extremely fast tdththe explosive 

container itljectiontaking about one second. The process is then ready 

to be repeated. Should a malfunction in the ram occur while the con

tainer is in line with the furnace opening. the transfer will 

automatically return to the halfway point within four seconds and an 

alarm will sound. This precludes atly chance of exposing the containers 

to heat outside of the retort. 

By use of controlled speed actuators (on input conveyor and ram) 

spillage of explosive will be reduced to a minimum or eliminated with 

the established explosive feed rates and container sizes. 

By means of the retort position cam and limit sWitch. the PFS is 

limited to injecting only one' container into the furnace per spiral 

flight of the retort (i.e. only on~ container can be injected into the 

fuI'tJace each revolution of the retort): 

1. The minimum cycle time of the PFSis 22 seconds. 

a. Input conveyor - 10 seconds to travel one way 

b. Transfer conveyor - ,4 seconds to travel one way 

c. Ram conveyor - 1 second to travel one way 

d. Load time approximately 2 seconds 

Minimum PFS cycle time: 10 sec. + 4 sec + 1 sec + 1 sec + 4 sec + 2 

sec - 22 seconds 

(Input Conveyor takes container to transfer; transfer positions con

tainer in front of furnace opening; ram injects container into furnace; 

ram returns; transfer return; next container loaded.) 

16 
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2. The position cam and limit switch only allow the PFS to inject 

a container into the retort for the time duration of 1/4 of one 

revolution. 

3. Minimum. retort speed - 0.75 RPM or one revolution takes 80 . 

seconds. 

4. At this m~nimum. speed (80 seconds/revolution) the position 

cam/limit switch enables the PFS for 20 seconds. This is the maximum 

PFS enabled time interval that will be seen with the PFS. As the 

retort speed increases the enabled time interval. will decrease. 

5. The enable interval occtQ:'s only ouce per retort revolution 

(i.e., only once per spiral. flight). 

6. As the maximum enable interval is less than the PFS cycle 

time, two containers cannot be injected into the retort during the same 

enable interval. Since there is only one enable interval per spiral 

flight, two containers cannot be injected intotlle same flight • 

Air Pollution Control System 

The air pollution control system (depicted in the flow diagram. 

Figure 5) consists of an indirect, forced-air cooler which will cool 

entering gases from a maximum of.lOOOOF down to 2500 F;a 

centrifugal dust collector (cyclone) that achieves some particulate 

removal but is used primarily for spark arrest; a baghouse for final 

particulate cleansing; and a thirty foot exhaust stack. 

17 
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FLOW·, DIAGRAM 

Figure 5 

. ........ 

Exhaust gases exit the furnace at a maximum rate of 3600 scfm 

@500oF or 1,500 scfm @ 1l00oF and are cooled, if necessary, by . 

mixing with ambient air introduced through an automatically modulated 

cooling air damper controlled by a thermocouple installed immediately 

preceding the cooler. The gases proceed through the c;:ooler, passing 

over flattened heat-exchange tubes through which ambient cooling air is 

blown and then exhausted in the .~orm of recoverable heated air. The 

furnace exhaust gases then leave the cooler at approximately 2500 F. 

A tl\ermocouple immediately preceding the baghouse insures that 

temperatures entering the baghouse do not 'exceed 2500 F by signalling 

a temperature switch ,to close an in-line damper ahead of the baghouse, 

and shut off the induced .draft fan if the temperatures start to exceed 

2500 F. Some particulate will be deposited on the heat-exchange tubes 

and is removed by chains scraping across the tubes. The particulate is 

18 
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thel\1I10ved via ascrewconveyor"tC) a double-dUmp discharge valve for 

collection. 

The cooled exhaust gases then pass through a cyclone collector 'for 

some further particulate removal and for spark-arrest. 

The gases (maximum 4800 acfm @2500F) are then d~rected through a 

bagouse for final particulate cleansing. The baghouse is a 144 bag 

unit (bags are 4.5" dia X 8'-0"; 1356 ft total filter area), providing 

a 3.5 air to cloth ratio. The bag material is nomex felt. Nomex is a 

relatively high temperature resistant nylon fiber (4500F maximum 

operating temperature) with reasonably good acid resistant 

characteristics. The bags are periodically cleaned· by introducing a 

jet-pulse of air at the top of each bageausing a momentary .reverse 

flow through the bag -forcing the collected dusts into a ·oopper at the 

bottom of the baghouse. The collected dusts are continuously 

discharged through a double dump discharge valve • 

The cleaned gases are then drawn through the induced-draft fan and 

exhausted out the thirty foot exhaust stack. Sampling ports are 

provided in the horizontal duct (at ground level) between the bag house 

and fan. 

Container Retrieval System 

A container retrieval system picks up the explosives containers 

from the discharge end of the furnace and returns them to a collection 

. point outside the feed room. As the containers are conveyed toward the 

feed room, they pass through a shrouded section of conveyor where they 

are cooled by ambient air blown through the shroud. 

19 
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Equipment Control Panel 

Tbeequipmellt components described herein are all controlled from 

and by the Equipment'COnttolPanel: (ECP) which conforms to a Class II, 

Group E,Divisionlhazardous location classification by being 

air-purged and pressurized.) 

Purse FeD 
Enclosure. . .. 

Purse J"aD 

-'------_ .. _ .. 

EWI Coatrol Console 

4" All' D\lCt 

Feed/Control Roc. 

PURGE SYSTEM FOR 

EWI CONTROL PANEL 

Figure 6 

3Letter, SDSTE-AEO to DRSAR-SF; Explosive Waste Incinerator 

Controls; 31 May 78; w/lst Ind DRSAR-SF to SDSTE-AEO; 20 Jun 78. 
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Located outside of the feed room is purgeblQwer. enclosure which 

contains a purge fan an,! alJsociated1nteri~cking circuitry (see Figure 

6). 

This circuitry begins with a stop""start switch located in the enclosure 

cover which is used to pick up and drop out the purge fan. The fan is 

rated at- 250 CFM. In the discharse _air stream of the fan is a flow 

switch which is rated to drop.out at an air velocity· of 630 ft/min. 

(The fan output velocty at 200 CFM is 2100 ft/min •. ) After the fan is 

switched on and the air velo<::ity reaches 750 ft/min., the flow switch 

closes which in turn energizes a timer. A purging process continues 

untll the time set on the timer, -120, seconds has passed. This time 

allows 10 case volume changes of ~ir to be put into the enclosure 

before the timer closes. The timer closes. and. picks up a 3-phase power 

contactor which applies the power to the main contral panel 

distribution center. 

The main control enclosure (NEMA 12) is located inside the feed 

rOOm, thru the wall from the purge fan enclosure. The tWo are , 
connected via a 4-inch air duct. The main control enclosure contains 

the motor starters, push button stations, indicating lights and 

instrumentation necessary to operate the !WI facility. 

The main panel also contains an internal air pressure indicating 

gauge to show the inside pressure, in inche s of water, at all times. 

This feature allows the operator a quick visual'check if needed. 

If the main enclosure is opened for some reason, after the initial 

purge the fan will continue to rtm and the power contactor remains 

energized since it is a greater hazard to shut down than to lose purge 

pressure however, the system alarm will sound and a light will 

illuminate indicating the console door is not shut. 

21 
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OPERATIONAL SEQUENCE····· 
'. \' 

, -01, 

The following describes the start-up and operational procedures for the 

EWI equipment. . Refer to Figure 7' for control panel ;layout. 

1 •. Turn on main feed circuit breaker for' !WI facilities. 

2. Push Purge Fan Start push but~on located on Purge Fan Control Panel. 
) 

a. This provides a purge air flow and pressure into the Equipment 

Control Panel (ECP). 'lbe pressure is to be at least 0.5" H20 and the 

flow will allow 10 air changes fOli initial purge. 

b. 'lbe' internal timer will time out after 2' minutes and' pick up 

the power contactor, applying power to the distribution panel in· the 

ECP. 

c. When power is applied to the ECPan alarm will sound and the 

. Retort Stopped alarm light will be on. The temperature indicators will 

be operational also. 

3. Push Alarm Reset button 

a. This will silence the audible alarm but the light will remain 

until the fault condition is removed. 

4. Push Retort Blower Start push button 

a. This will also apply power to the flame sensing circuitry and 

temperature recorder/controller. 

b. The alarm will again come on along with the F1ame Out 

indicating light. 

22 
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5. Push Alarm Reset. button 

a. Alarm will silence but n~e Out light will remain 

ill umina ted. 

6. Push Oil Pump Start push button. 

7. Push Retort Start push button. 

a. 'lbis will cause the Retort Stopped light to extinguish and the 

retort RPM readout will change from "00" to the speed set by the 

varidrive control. 

8. Set the temperature control point to the lowest setting. 

a. This will cause the flame control actuator to drive the oil-air 

valve of the burner to the low fire ~sition and close the low fire 

limit switch. 

b. Wait for the retort to p~rgeand the Ready or name light to 

ill umina te. 

9. Push the Ign. Start button after the Ready or name light comes 

on. 

a. A 15 sec. trial for ignition period is allowed before the purge 

cycle must be started again. 

b. With ,the Ign. Start button held down, the oil valve allows 011 

in the furnace burner and supplies an ignition spark to ignite the 

atomized oil coming from the burner valve. 

23 
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c. If the burner fails to ignite, the Ready or name light will 

extingu;1/ilh and the purge cycle starts again. , When the Ready or Flame 
.. -:,)- :" .. - , , 

light -111 uminates again,repeat Step #9 again • 

d. If the flame is established the _ Ready or Flame light will stay 

on and the Flame Out light will go -out. 

10. Set the temperature control point on the temperature recorderl 

controller to the desired stack operating temperature. 

a. This will cause the flame control to drive the burner mixture 

to bigh fire position until this set temperature is reached. 

b. After the temperature recorder indicates that the stack 

temperature is above 3000 F the Air Pollution Control System (APCS) 

may be turned on. 

11. Push the Compressor start push button. 

12. Push the Gas Cooler start push button. 

a. This applies power to the gas cooler subsystem which is 

controlled by its local sensors. 

13. Push the Draft Fan start pushbutton. 

a. This also applies power to the baghouse bag pulser circuit, 

causes the stack damper to close and the in-line damper to open. 

b. - With the draft :fan running the stack static draft will be 

indicated on the Draft Gauge in the ECP which is controlling the static 

draft damper. 

24 
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c., •. Wheri the·.·aboy~ .is:complet~d\fiU:tct tb~.;staa:k;.te1!Lpera;ture .. has . 

reached operating· telllper.ture, the,f.urnace 'is ready for -incineration. 

14. Push the Disch.· Cbnv. start· Push button. 

15. Tum the P.F.,·Power switch to~ON". 

a. The P.F. Power light will come on along with the Ram Back 

light. 

b. When the PFS transfer is in .the receive (at end of input 

conveyor) position, the Trans. in Rac. light will illuminate. 

c. The input conveyor. door will be open and the system is ready 

for use. 

16. Place a loaded container in the PFS Input Q)nveyor •. 

17. Pull Input Conveyor Door down to close. 

a. The door will lock shut and the input conveyor will push the 

container onto the transfer. 

b. When the container reach~s the correct position on the , 
transfer, the Carrier on Trans. light will come on, the input conveyor 

pusher retracts and when clean, the transfer will move toward the ram 

position in front of the furnace and the Trans. in Rec. light will 

exttnguish. 

c. The transfer will wait in the midway position until the retort 

f1i~ht is in the correct position. While waiting here the Trans. in 

Cntr. light will be on. 

25 
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d. When the" retort is;'.' intbetcQt'r8ctpos:Lton,. the, transfer will 

move into the ram position and the Trans. in Cntr"light w:Ul go out. 

e •. When the transfer reaches the ram position the Trans. in Ram 

Pos light will come on and the ramw:Ul .operate. 

f. When th~ ram starts forward .the Ram Back light extinguishes and 

when the container is pushed out .oftbetransfer the Carrier on Trans •. 

light will go out • 

g. After the ram returns' back, the transfer will ret~rn to the end 

of· the input conveyor. 

h. When the transfer reaches the receive position the input 

conveyor door will come open reaqy for the next container. 

SIGNIFICANT EFFORTS/EVENTS 

The following summarize various efforts or events of significanc~ 

that have occurred during development of the Explosive Waste 

Incinerator. 

a. Extensive testing consisting of burning several types of PEP 

wastes (in various configurations) in the furnace to obtain such 

operational data as feed rates, furnace temperatures, emission rates 

and furnace operating parameters. Table 2 presents a summary of the 

PEP wastes burned. 

27 
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b. ,·Concurrent; withthe,burn,.,.tests, other tests were-being 

conducted'to determine' maxi,mtD quantities of: explosive ,that if involved 

in an unanticipated detonation, WQuld not constitute a safety hazard to 

operating'personnel, either from blast overpressures or fran fragments. 

TIle tests showed that a detonation of up' to 7.23 pounds equivalent TNT 

would cause extensive damage to the equipment but would not create 

overpressures outside the, furnace enclosure exceeding 2. 3 psi peak 

positive incident pressure, the maximtD allowable for operator 

exposure. Fragmentation outside the enclosure was not experienced. 

Tests were also conducted to determine if propagation would occur 

between explosive charges placed in separate spiral flights within the 

furnace. 'The tests failed to produce any, propagation even though 

charges in flights adjacent to the donor charge were displaced. 

- Huntsville Division, Corps of Engineers, used the data fran these 

tests to design the furnace enclosure walls in accordance with 'IM 

5-1300. AEO Report 31-784 presents a detailed final report of these 

tests. 

c. An extensive study was done evaluating materials and 

configuration for use in the design of the Positive Feed System 

containers. That study resulted in the selection of low-carbon steel 

from which to manufacture the containers. The study also addressed 

cool-down times for the containers to aid in design of a container 

retrieval system. TIle study is reported in AEO Report No. 17-785• 

4Miller, Determining Explosive Limits of the Present Design of The APE 

l23~ Deactivation Furnace and Enclosure; AEO Report NO. 31-78, July 

197Q. 

5Seeglitz, Study of Positive Feed System Container Alternatives; AEO 

Report No. 17-78, 15 June 1978. 
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d.Durirtg test-burns of composition A.;.S, some detonations were 

experienced. No causes· have yet been determined; however efforts are 

continuing to either establish cause(s) or to establish safe and 

satisfactory feed rates. Some efforts were made, subsequent to the· 

detonations, todeterDline probable causes. Those efforts are described 

in ,a report of tests designed to duplicate the detonations 6• A 

discussion of the incidents and some analyses of samples of the 

Composition A-S done by Hercules, Inc. were su1mtitted to ARRCOM and are 

contained in Appendix E. 7 

e. An analysis was made of the ,environmental loads (wind, live, 

seisutic) on the various !WI equiPQlent components, the calculations are 

pres~nted in Appen.dix C. 

f. A survey of expected PEP wastes at each AAP was conducted by 

questionairre.The responses fran that survey are sUlDDlarized by 

quantity in Table 1. 

8. A Hazard and Safety Analysis was performed by the Tooele Army 

Depot Safety Office in October 1976. That analysis primarily addressed 

the then newly-designed Positive Feed System. The analysis has been 

updated and expanded to cover the entire !WI system8• 

6walker, Composition A-S Explosive Test; AEO Report No. 18-78, 23 June 

1978. 

7Letter, SDSTE-AEO to DRSAR-ISEj Preliminary Report on Composition A-S 

Incidents. 

Bsazard and Safety Analysis for Explosive Waste Incinerator, June 1979. 
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DEPARTMENT OF . THE ARMY CPT Hagcr/mka/ 
HEADQUARTERS; UNITED STATES ARMY ARMAMENT COMMAND .793-4785 

ROCK ISLAND. ILLINOIS 8.201 

.• I'LY TO . 
AfTINYION.OI': 

DRSAJt-ISC-A 

SUBJECT: Letter of Confirmation 

COlilJllander 
Tooele Army Uepot 
.. \mmunition Equipment Office 
AnN: DRXTE~AEO 
Tooele, UT 84074 

t 9 OCT 1976 . 

-

. ,l~· .Reference!s made to meeting" 29 Sep 76, subject: ARMCOM Explosive 
:' ': .... ·W~~·tE!I: ·]nc.i.neration Program~ 

.. ~~: ··It . is' ~he .position of this headquarters" as developed in the refer
enced meeting,' that the Ammunition Equipment Office· (AEO),. Tooele Army 

. Depqt, Tooele, Utah, will be involved in the ARMCmt Explosive Waste Incim. 
eration Program to the following extent: 

s. AEO will provide an APE-1236 Deactivation Furnace for each project. 
Equipment: will be delivered to the construction· site and turned over to 
the' District Sngineer. 

b. AEOwill provide, and deliver, all incinerator and Air Pollution 
" ContrQl (APC) System Controls. 

c. AEO will provide, and deliver, both the standard and positive 
feed systems. 

d. AEO will provide, and install, the APC System. 

e. AEO will provide, and deliver, drawings, specifications~ and oper
ating manuals for the above equipment. 

f. AEO will continue test burning mtCOM explosive waste. 

g. AEO and USAEHA will conduct emission acceptance tests. 

h. AEO will coordinate directly. with the District Engineer on con
struction problems relating to the above equipment and services. 

. ~. -.. : 
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DRSAR-ISC-A 19 OCT 1976 
SUBJECT: Letter of Confirm~tion 

3. Funds for the above work will be provided by the District Engineer 
from the ~iCA project autllorizatio~s. 

FOR TilE CONMANDER: 

:2 

. ~:U \-,.~ t .. ~ 1_' 

JAMij J. '~EISS 
LTC," GS 
Dir, lnstl and Svc Uir 
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DEPARTMENT OF THE ARMY 
TOOlll AlMY DII'GI' 
TOOILI, utAlt ..,. 

e·· 

SUBJECT: Explosive Waste· Inc1ner~tor Controls 

COIDJDander 
U.S., Arm:y- Armament· Materiel Readiness Command 
A'Pl'N: DRSAR-SF 
Rock Island, Illinois 61299 

1. References:. 

( 

Mr. Hill/sb/790-2825 

MAY 31j978 

a. Letter DBX~,-AEO to DRSAR-SF, 6 Jul 77, ~ubject: SITPA II Control 
Systems. . 

b. First Indorsement DRSAa-SF to DRXTE;..AEO, 19 Jul 77. 

2. Reference I-a listed varioqs optional approaches to, configuring the 
SITPA II (Explosive Waste Incinerator) control panels to coilf'orm to a 
Class II, Group E, Division I hazardous location classification. We recqm
mended our Option 3 which utilized NEMA 12 enclosures, air purged and pres- .' 
surized.Ybur indorsement, at referencel-b, listed that option, along with 
three others, as acceptable providing that the purging is TYPe X as defined 
in NFPA 496 (Purged Enclosures for Electrical Equipment in HaZardous Loea
t:i.ons). 

3. A description of our control panel purging system is atInclo~ure 1 
fQr your'review and approval. Please ad~se of your acceptance or non
acceptance of the design. 

FOR THE COMMANDER: 

1 Incl. 
,as 

. ~.~lBT ff·~ ;I Chief, Ammo Equip Office 
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DaSAB.-SF (31 May 78) 1st Ind Mr. Looldngbil11d1b1793;..3383 
Sl]BJEC't: Explosive Waste Incinerator Controls ,... 

10 jU~ 197·5 
HQ, us Army Armament Materiel Readiness CoJDlll&nd, Rock Island, IL 61299 

TO: Commander, Tooele Army Depot, ATTN: SDSTE-AEQ, Tooele, UT 84074 

Review haa been made of; the purge system for main control console for . 
explosive waste' incinerator (EWI) as· it would apply to Option 3, letter, 
DRXTE-AEO, 6 Jd 77, subject:' SITPA Ir Control Systems. Approval.is 
recoDDDended.. . 

FORTBE COMMANDER: 

wd incl 

\ 

LIMIt J f. 5e.~0h-' 
DAVID p, SKOGIiAN 
ActC;'~SafetyOffice 
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·faBJECT:. SITPA .I~ 90ntrol Systems 

'. 
. . --: ~ 

Cr.\mmander 
u.s. A"4'M'J' Armll'lent Mat.eriel· 

Readiness Cl.'l!'mand 

~. . ... 

.., 
'Oi 

. , ~'\.~ .. :~: ........ . 

. , " .. ~ " 
" ~ .. ' .; 
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. 1 . . ' :" 
ATTN: . DRSAR~SF '. :.. J' • • of . 

6 1977 

Reck I;;la~, Il~.~C?~~" f1201 .• 
.. ;' ... L . 

. . ",' .' 
" -;' .. '. 

~,- . 

"1', "0 . 

"; •... ~ . . ' 
. / .... :~,. : .. ' .~.,. . . . .' 
;'( ~:'.~:' 1> Reterence:' Exp~.os1.ve' Waste" Incine.rator 'StU~ ~:Port~ 

. Blank. and We sse llrik' and Assoc. i, .: 
. . ":. !.' '" ~. ..-.' 

. ~ ,:. . . 

.1 

18 Ma~ . T7'1 by 

2~' ~.control-_~~ drtve ,systems for··the SITPA II '1"aci'lity are to be' sup
. ". . i' pli~ 'by AEO ... ~. :.~Th.· ;~tent f?~' AEO was; to. aupply' the same: tYPe controls 

; and drives as:cU+t'entl,Jr: .f'urnis~edi on·,thestandard. APE 1.236 turnace. How-· 
:; ever, section ,VI: or- reference 1.:i.Ddicates that t;he. ~ITPA:; II .f'~cillt7 Will 

be considered 'il C;l.ilS8 ·'.II, Group ·.E,. Div. l' hazard ·loc:a'tioit. '.,: 
\ • • • ... I h . " ~ .... . ~, . ~'. . . .' .,.- :'.' ..! ' ; . , 

3 •. The need for:' e~losion proof ena-io~es adJacen-f'" .to~he Deactivation 
"! Furna:cliI insidE( i~ 's :tJarricaded enclosure, appears to. be Ulinece8&ary'j e.g •. 

it ma.k~s 11 ttle sense. to pUt B;.E. into the retort tor bUI;"ning and man.i. . 
while:' ~t.idethe re~ort w.provid~ exploaion .proof' enclosures at cigh: '. 
initial and maintenance- costa. The use of eXplOSion proof' encloaures at 
the ~nace control pano.1s will 'greatly encumber .theope:t.ator in: control- '. 
ling the Deactivation Furnace in, that· frequent' access to;some o:f'tbe con-
trols ~s ~cessary".. .... " ~. . . i 

'" .' '.'. .;=.'~ . :~ • 
• • "....: • I 

4. It would. appear tha~: there are at least four options 'ariSing from the: 
propo'~ed new haza.rd clAssification.-. ' . i.' 

. . ... : .'. . ': .• : . :". ' .. :. t}-,:-.-·· .. : .".,::':<: (. ! " . 
5 •. option ·one·: is tore!d'ew tbe:need. ,for explosion proof 'enclosures and 
8~tempt to eliminate tl1..e ·requirement. AEO accomplished this many years':' 
ago anq. has suc,ce,sstulJ.Y. ~ndled: exposed expio's1~fl~ throUghout' worldwide 
demi11 ~r1zat1o~ 'operations ~tb·-.~.- adverse effects. I,: ~ ~. . 

.. : '. . ·'w.: .1 
'. .' ~:.'.,' . .' . '.. ....~ . .' ..... ,. ~ ;. t· .. ' . 

6 •. Op~ion two,:would be to leave~ a·ll motors and . controls inside the barri-
" caded'turnace enclosure the same:'type as FeseIitly used' and inatatl the . 
. control systemS .ina .space .. or room' separai;e ~om.:~e . loading -room~ -ntis. 
: vould: ~eceBsitate tlle oPerator leaying h1s::wor~' .tatfont~ ch~lt and. adjust. 
; the controls •.. This maY- be a bit'- a~rd. but is' more' realistic tbanplac1ng 

them in, NEMA 9 : enclosures. . , .,:"',.,,~.~ .... ,: . "\ : .... '. 
• :. '-! .. : .' . .... 
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8.," OpttCll> t_. ~;; to, __ ..,.~_~" ...... ~; c0aU01ler,. 
n1.tcbe., ete.~ SA 1"\'.' GIIII' ~_ ~ . .-1OIU8. !b .. ¥CIUl4' 'be 
ra~k ~te4 ... ·1.wft~te4 to·.; .--.1. ccmtnS. ataUoD UIIlceun •. 
(!be, tel!ll*NtuN ~tl_'&JIl OOB~18;&. PI"Obx..;v1~tJd.. opt1011.1 

. Coat VQU.4'be" .,~telt t!a,eoo ...... ·'tIIaD. cCNit:tOr cUl'1"8Dt ~OIIt1"oL 
pallel 4ea1P..'i·.· .; . : - ". . .".;. !. • 

.,:.' " 9.,' 'C~_b~:·:~,~i;·~"~bto';...~illl'vtiaIl.~OIl: ,--,"to. toi~ 
'. ':oJ ~ ic:.Wct.'a.; tM· 4eo1dca', ,ba ..... ~ 1IQIIat Dot: 0nJ.r OIl:, the lD41ri4uaL OOlit at . 

. :..011, S~,II,·,~·wU1.t.;~.,..i.J.oas; ..... _~,""'et ~'''':'' .~1u.q· 
:: tHlu1~_tbl.t: 1aT' be" auppUe4'.: "'\IIM); .1D:;t1le\ 1.oadh.;roc..,· .,', . '. 

-. ~.:. ~ . . , .. " . :," : ... ) :. . . t'.' .. ".. . t . ":". ..' : 
;. 10., 1'be; poa1t1C1i: ~ tbi.,omo.<I.~, tbd.'t,·Ojt1ca·~ 1. ta, .. t:. u.1re-" 

.. 

; able 1:t'Opt1oa,.,o. i.; DOt oOlud ... _eel.; I~,s.~t, la,t:'eQeu1"", approaca · 
; (botb"n.r.:t.' aoaW'; .D4.a1J1taem~~:apI ... :}ll ... ·peNlt8> ~tQr:~cc ... · to· 
.:tIIe contro1ar •• ';~J:t aid: 1:tS. _.lUte .. ·tlutia6:U.tlO11: of: CQDtiOle: tor . 
: .• bC11.1J&~:~w-at .. tJat:~" be.cI4e4'·at'~·1at.er date •• ,· {. . :. ., 
~ ,. ':.' :; .. ;;:. '" ..... , ·f .. '\,;". :', " ;' l ' :'; . :.' 
; U.' ~. 1. 11.tej!N~ t •. DeCe.IIU'1':.beeaU8e"·t.b1.~ ~e~ haa< .• lieuq: 

, ~ 1n1t1ated~t .• cti_:tar·~two tunao •• ,;(r-~,'LouS.a1.ii.DIl a., BolataD 
~~ AAP,t.) •. · , , .; .... ~ r ,'..... ... , .. ' ,. 

.: ~ : . .' ' .... .' 
! 12., Plea .. acktft •• >..eeliJOD4e •• tol, 

'. '. 

: -. ). ,", t ::. . .;";: " ... : .... ~ .. , .-::": .r 

~ f \ .' iii C_a4er~' , 
<, : ; '. 'tooele Artily Dopo1; 

A1"1'JI i . DRX'lI-AEO, .... Bill 
l'coet.. t1tI.th BIwr' 
Autovon 190 ... 2825 
e"'-';\ii11l1 (801.) 833-2825 
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DRCSF. 

'. SUBJECT: 
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OEPARTMENT OF THE APJ-'Y " 
HEAOQUARTERS Us ARMY MA'TERIEL DEVELOPMENT ANO READINESS COMMAND 

5001 EIS~HH'OWeR AVE., Al.EXANDRIA, VA._ 22333 . 

31 AUG 1977 

Siting Criteria for Explosives. Waste Incinerators and 
Contaminated \Vaste Incinerators 

.. , 
" . 

Chairman 
Department of Defense· Explosives .. Safety··Board 
Room 6A -145, 
Forrestal Building 
Washington, DC 20314 

1. Request safety approval of the proposed criteria presented below 
for siting' of explosives waste and contaminated waste incinerators at. 
DARC011 facilities.. A review of site plans pre\7iously submitted for 
incinerator projects suggests a need for standardized safety requirements. 
The proposed ~riteria are general in nature and are based on currently 
proposed disposal concepts. The criteria will be adapted. to satisfy 
unique safety requirements at each installation. __ 

'-.1 
l~J 
~J 

J 
iJ 

2~ The ~xplosives waste incinerator currently being tested is a modified 
~--- APE 1236 deactivation furnace with pollution-·abatement~equipmene;,- The 

inCinerator complex will include the furnace, an adjacent feed room and 

[" 

Fl b 

[J 
c~i 

'J 

. a service magaZine. Th~ following Siting, criteria are proposed: 

a.. Facilities within the incinerato~ complex will be lo~ated at a 
minimum of ID_habited Building Distance from facilities outside the 
incinerator complex; based on the larger quantilY of explosives in either 
of the two facilities of concern. 

b. The feed room will be afforded Category 1 (TM 5 -1300) protection 
with respect to the incinerator.· 

. 
c. h1a:dmum quantity of explosives permitted in the feed room will 

be limited to a four hour working supply. 

. ' 
. . ' .. , . .,.. 
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31 AUG i971 
DR-eSP' 

.' . SUBJECT: Siting Criteria for Explosives vVaste Inci:1eratorsand 
Contaminated vVaste Incinerators 

do Service magazipes will be separated from other incinerator 
complex facilities by Intraline Distance base,d 0:1 the quantity of explosives 

~ .. at· the service magazine..· ~ . . ' . 
) . 

eo- When more than bne incinerator complex is sited at an instal
lation, the incinerators will re separated from each other bya minimum 
of Inhabited Building Distance and other incinerator complex; facilities 
will be separated from each other by a minimum of In tra line. Distance •. 

f.- Construction that affords, Category 1 (T11: 5' ... 1300) protection may 
be used inIieu of Inhaloited Building Distance requirements. 

g~Fragment' Distance will be maintained bet\veen the incinera.tor 
complex facilities and. other facilities in accolidance with. safety- requirements. 

. . . 

i h.I, '$afetyapprovaLof' site aIldge~eral construction plans will be 
obtained in accordance withparagraph 3-6"DOD 515"4-.45. and/or .para-· 
graph 5.-27, .. A1v1CR 385-100. -

'. 3~ The contaminated waste incinerator complex will consist of the 
incinerator, control room and stQrage facility .. , The following siting 
criteria are proposed: 

-a.Vlaste to be burned at this facility will CODsistof inert materials 
such as cardboard containers, paper,' wood scraps, etc., t.,'1at may 00> 
contaminated-with··tr~ce amounts of explosives; -1'vlaterial-in-th-1s category 
is considered. to be Hazard Class 1, Division 4 for safety purposes •. 
Verification of this hazard classification for material presented for 
disposal will be accomplished by installation personnel prior to transport·· 
of the waste to the incinerator complex~ 

b. Procedures for 100% jns~ction of the contaminated waste will be 
prepared and implemented by installation pers~nnel. to ensure that only 
trace amounts of explosives remain in or on dle material to be' burned. 

_ ¢. Incinerator controls will re located within a weather-proof building 
separated from the incinerator by Inhabited Building Distance, with a 
.minimum separation of 100 feet. . 

2 
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31 AUG 1971 
,. DRCSF 

SlJBJECT: Siting Criteria for Explosives Was-e Incinerators and 
Contaminated Vvast(£ Incinerators . 

d. The storage facility will be a non -comhlstible, wcath~r-proof 
. buiiding located at Intraline Distance from the ~,:;inerator and the control 
. room, with a minimum sep'aration of 80 ft. froa either facility. 

e.· A 300 feet safety zone wBl be establisn-e.:i around· the incinerator. 
Only incinerator complex facilities \vill be loca:iZd within this safety zone. 

f~ Incinerator complexes may ·contain InCire than one contaminated 
waste incinerator. Incinerators within the sarna complex will b.e separated 
from each other by Intraline Distance with ami.:niInum separation distance 
of.SO feet. '. 

g.. Safety approval of site and general consttuction plans will be 
obtained in accordance with paragraph 3-6, DOD 5154~4SJ and/or para
graph 5-27, AMCR 385-100 •. 

4'.. Inclosures 1 and 2 are general site: plans depicting the siting criteria 
presented above. Approval of this criteria will assist in the establishment 
of safety guidelines ror the use of DARCOM facilities in the.installation .. 
of the incinerator fcrcilities and in the preraratinn of safety submissions. 

FOR THE COM1viANDER: 

-.--.,. __ . 2 Incl 
as 

rtF" v • 

DRSAR-SF 
DReIS-·RI-Ie 
Dir, DARCOIviFSA 

.. 
........ 

~~~~~J __ 

\VALTl:.R-~~ ____ . _ 
Chief 
Safety Oillce 

... 
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DDEsn-KT'(31 Aug c 77) 1st Ind 

, SUDJECT:Siting Ctiteriafor Er.plosivcsWaste Incinerators .:lnd ContaWlinated 
:. Waste Incinerators 

Departc;~nt of Defense Explosives :Safety ~oard" Washington, DC 20314 
19 Sept~~~er 1977 

TQ: COi:jmand'er, US Army!-!ateriel Develo~:::fmt and ReadS-ness Cor.=and, 
ATTN: DRCSF~ 5001 Eisenhower Ave~, Alexandria, VA 22333 

1. tne siting criteria for e:lo:plosives ",aste incinerators and cont'al!'.inatcd 
waste incinerators outlined in ba~;ic cQrrespo~dence, have been ravie',.;"ad 3nd 
are considered acceptable from CJ.n explosives safety standpoint., 

2. lVith reference to paragraph 2d, theDDESB pro~oses a revision to DOD 
5154.4Sas stated in mer::orandum toDIIESB :':E:~ers, dated' 25 AF-l-il 1977, 
Subject: Clarification of DOD Standard 5154.4S. Tnis revision prcpcse$ 
to increase the protection level at control stations to an overpressure 
not to exceed 3.5 psi ~hich can normally be expected at a distance of 
l8W1/ 3 • This level of protection c:aybe achieved by suitable suppressiVe 
construction at the explosion sQurceor by protective construction at the 
exposed site. 

2' Incl 
wd 

CF:.---, .... -
,DAIG-SD 

D~CSF-E (31 ~u_g..J..7) 2d Ind 

m,I~ 
~., G. KELLEY" JR, 
~,' Colonel, USA 

Chairman 

-, --",_ .. _ .. _---,_._--
HQ, US J..J..-my Haterie1 Development & R.eadiness Command,Ale."(andria, VA. 
27 September 1977 

22333 

.' 
] ......-~ 1'0: Dir.cctor, DARCOH Field Safety Activity, ATn~: DP.xOS-ES, Charlestowu L~ 4 

[J 

~ 

J 

J 

'. 

c 

" 

1.. OD:::SB approv~l' of the s1.ting criteria presented in the basic letter is 
contained in the 1st Indorsement .. 

2.. !n orner to assure standardization, the approved guidelines should be 
di~s~inated to those installations contemplating the'installation of w~ste 
incinerators. 

FOR THE CO~LlillD ER.: 

, ' 
1 Incl "'""" 
DDESB }·!emo 25 Apr 77 

~" :.;/Jt?' ~~~~':t:;.L~. ::;-" 
L ... ~1&fH{~S"I'.'U~!1 . , 
Chi~f, Eng1necr1ng 
Safety Office' 
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DltXOS ... ES-SP (31 Aug 17) 3rd Ind 
SUBJECT:: Siting Criteri:! for 1:,)tplosivcs Viaste Incinerators and' 

ContamJn:ttt!d Waste Incil1arnrors ' 

l1SA DARCONi Fleld,S~fcty Activity ... Charlcsco\;'n. IN 47111 13 Oct.?oor 19i7 
-

TO:. Commander", USA. Dl",RCOl'.1, Illscnll:'Jtionnnd Services Actlv!r:y, ,ATTN: 
.DRCIS-n!-IC~ Hock lsLlnd, 1 I., 0.1201 

1. Reference letter, DRSAR-SF. 24 Jun 77, with DRCIS~RI-IC IsrL,d, 
18 lul77. subject: Qu:mtity Dist!.il1ce Siting CrJecrin for !:.}~plcs!i.re and "~ 
ContamlnRt~d Wnste Incincr~[Or Projects. ' 

2. ,The approved siting criteria presented ~bove Is forwrtrded in respono.e 
to therafcrencedlettcr.. It is rQ!qucsred thne thIs crlterh be dlstriput~d 
to GPpropri~te DAHCOlvl !osc.111ntions oDd Corps of J:::nginccr organiz1tioQs 
for suidgnce~ . 

S IQcl 
Added 2 1nels 
2. & 3. General Site Pbns 

CF:' 
DRSAR-SF w/lncl 

I' 

RAY L. rv1YERS:, 
DIrector 

,. 

--.:..--___ ~RSMI -0 _ \;:/1ncL 

... 

DRDAR-SF w/lncl 
'DRSDS-GSA "'/inel 

, .. 

.. 
.' .' " ....... 

.' 

". 
5 
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APPENDIX B 

PHOTOGRAPHS OF TYPICAL 

EXPLOSIVE· WASTES 
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APPENDIX C 

ENVIRONMENT~ LOADS 

ON EQUIPMENT, 
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SDSTE-AEO 

SUBJECT.: . Des~gn Data for Explosive ~aste Incinerator Air Pollution 
Control System 

District Engineer 
US Army-£ngineer ~ District, Mobile 
A'I'IN: SM-m~:-~lM (~Ir. Rodgers) 
Mobile, Alabama 36628 

l~ This office was requested to pr9Vide design information to ~Iobile ' 
District's AE firm pertinent to~sizing of foundations and anchor systems 
for the Government furnished equipment; specifically, the Air Pollution 
Control System components. The design data was to be in the form of 
moments at. the point of anchorage of the equipment components resulting 
from various environmental and blast loads acting on the equipment. The 
~last loads would be highly infrequent conditions resulting from unantici
pated high-order detonations within the furnace. 

2. We have calculated the environmental loads and have attached them at 
Inclosure 1. For purpo,ses of standardization, we have assumed worst:-case 
conditions, using design data from all the potential EWI sites.' Those ~ 
design parameters are:. 

Live Load 

Wind Load 

Seismic Zone 

30 psf 

2S psf 

III 

An analysis of the effects of blast loads on the equipment is considerably 
more complex than the environmental loading analysis. The three major 
equipment components (baghouse, ,cooler and stack) each present a different 
problem, the stack being fairly easy to analyze. The blast loading 
analysis of the baghouse and cooler should, we feel,encompass a fairly 
detailed analysis of the structure itself, and the composite construction 
(steel frame, sheet metal panels, etc.) requires lengthy calculations to 
describe the metal resP9nseunderthe dynamic loading. Idealization of 
the structure is necessary to facilitate the calculations, but we feel 
that the level of idealization permitted for these structures still leave 
a considerable workload which would require additional funding and time 
to be accomplished by this office. 
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SDSTE;';'AEO 
SUBJECT:· Design Data for Explos:i.ve 107a.ste Incinerator A:ir Pollution 

Control System 
-

3 •. Inasmuch as we do not have f~ds to accomplish the detailed blast 
analyses; and inasmuch as time constraints (i.e. submittal by AE of 
final designs by 21 Oct 78) don't permit the lengthy analysis, we suggest 
the AEproceed with anchor and foundationdesisns. based all environmental 
loads and that Huntsville Division accomplish the blast load analysis 
which may or may not result ill a 'downstream' change to the AE;'sanchor ---
designs. Dlast pressure data may' be obtained from J..EO Report No. 31-78, 
Final Report for Determining ~"'Plosive Limits of the Present Desigu of 
the APE 1236 Deactivation Furuace and Enclosure, dated July 1978. This 
report summarizes the data previously provided to Huntsville for enclo-
sure designs. A copy of this report is submitted under separate cover 
to lluntsv111e Division, ATTN: HND~CS (Ron Le~n). 

4. If funds can be provided, this office can' do the blas~ load. analysis. 

1 Incl 
as 

2 

F-•. H. CRIST 
Chief, Ammo Equip Office' 
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APPENDIX D 

UTILITIES REQUIMMENTS 
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EWI UfILITY REQUIREMENTS ' 

Deactivation Furnace 

Feed Conveyor 
Discharge Conveyor 
Retort Drive 
Combustion Air Blower 
Oil Pump 

Positive Feed System 

Air 

Transfer 
Ram 
Controls 

Pollution 

ID Fan 

Control System 

HP Volt 

1/2 200 
1 200 
5 200 
5 200 
1/4 200 

1/4 200 
1 200 

3 amps 115 

40 200 
Gas Cooler Fans {4@ 1 1/2 Hp)6 200 
Air Compressor 7 1/2 200 
Discharge Valve (2 @ 1/2 Hp) 1 200 

System Controls 

Purge Fan 1/4 115 
Controls 10 amps 115 

TOTAL ENERGY REQUIREMENT 54 KW 

ELECTRICAL 

3 
3 
l 
3 
3 

3 
3 
1 

3 
'3 
3 
3 

1 
1 

Motor, 
Code Ltr 

R 
N 
J 
J 
S 

'S 
N 

A 
J 
H 
R 

Demand 
Fac,tor 

.8 

.8 

.5 

.6 

.3 

.2 

.8 

.7 

.3 

.4 

r---] I, J C.·l 

12 
Fuel 
Oil Water 

6 min. 1-2 gpn 
21 max. 
12 ave. 

CJ r.----:t 
~ 

Compressed, 
Air 

@ 100 si 

10 cfm 

16 cfm 

c------. 
L-.,j 

f 

I 
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APPENDIX E 

PRELIMINARY REPORT ON 

COMPOSITION A-S INCIDENTS 
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DSPARTMENT OF THE A~MY 
Mr. Hill/cd/790-2825 JOOILI ... IM., DIPOJ 

JOOILI. urAH .... 

SDSTE-AEO 

SUBJECT: Preliminary Report on Composition A-S Incidents 

Conunander 
U.s. Army Armament Materiel Rea,diness Command 
AnN: DRSAR-ISE (Mr. Wash) 
Rock Island, Illinois. 61201 

Dlir~ng our burn-testing of Composition A-S in support of the El'II 
Program, we experienced some detonations in the furnace. At 
Inclosure 1 ~s a preliminary report of those incidents and some 
test~ng and analyses that we have done. 

FOR THE CO~~DER: 

1 Incl 
as 

... J'I. I"o.~ ~ .~ 
CRIST 

Chief, Ammunition Equipment Office 
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On Wednesday, 1 November, 1978~ a representative of AEO met liith 

C. F. Davis and G. Daurelle of,Hercules Inc~ ~n Magna, Utah. The 

subject was the analysis of the latest sample of Composition A-S which 

they had been testing. Copies of the two test reports they have done 

are'included-for comparison of results. Their most recent report does 

include some possible explanations of the problems l~e have had ldth 

this explosive. 

The secon~ analysis was more comprehensive than the first but still 

does not provide any solid information of any unusual data th~t points 
; , 1 . 

to a specific cause,~f the explosions. In fact, after discussion with 

the people at Hercules they thoug~t that the two may, have had different 

causes • 

The second sample of Composition A-S ,.,.as drier than the samples from 

the first tests. The only other marked difference betl ... een the samples 

is in the impact sensitivity. The second sample had a TIL of 11 cm vs 

33 and Slcm for the first t''10 samples. There are reasonable explanations 

for this difference based on particle, size differences'-

If various small size range samples of material are tested for 

impact sensitivity they will generally give reasonably good agreement. 

If however the sample contains a wide particle size r3:nge ''lith many 

larger size particles present the sample ,.,.i11 tend to be more sensitive 

to impact. This is because the larger size particles will set higher 

than the remainder of the material on the test plate and it will be 

these larger particles '''hich absorb most of the initial shock in the 
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test which causes them to kick over the remainder of·the material 

causing an explosion. 

The second sample 'also contained a significant percent.age of fines 

and although no dustexplosib;i.lity tests were done, I was told that 

the size range particles for which RDX is most sensitive were present 

and there certainly are available hot spark sources available in the 

furnace so that this is avery real possibility. 

There was.· an abnormally la:rge amount of HMX in the second test 
, .• . .. . I 

sample but it.was of thefJ:-crystalline form;al1dtherefore pot 

significantly different than the.RDX itself conditions necessary for· 

the formation of the much more sensitive form are not considered at all 

likely to occur and therefore has been ruled out as a cause of the 

explosion. 

Hercules advanced thre~ possibilities to explain the two.explosions 

that we had and they are basically outlined in their letter. The 

possibility of a dust explosion was ~~ggested based on the prese~ce of 

significant fines. in· the second analysis (no sizing \'1as done on the 

first samples). One of the Gans could tip and the air flo\'1 \'lould kick 

up a dust cloud \ihich could be.ignited by a spark of already burning 

material causing an exp.1.osion. There \'lere particles present in the 

size range for which ROX dust is most sensitive. This proposal was 

advanced as the most likely explanation for the second (1 lb) explosion. 

-: 

Another possibility irivolved the quick .ignition of the larger particles 

on the surface by the furnace heat. These burning particles· then ran 

on and kicked the remaining material into a detonation. The larger 

2 
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particles are easier to ignite than the smaller sizes. 

A third possibility, and one which would be most applicable to the 

first (4 lb) explosion, is a subsurface ignition of the RDX. If tne 

RDX were present· at a certaincri tical. depth around the ignition point 

it could be kicked over into a detonation. This type of incident is 

very dependent on the configuration of the co~tainer and the explosive. 

The t.larch, 1978 incident left.a ~ulge on the retort. The shape of 

the bulge is such that it looks as if a can fell on the Composition A-S 

\ihich then detonated. The shape of the bulge roughly corresponds to 

that of'a can and shrapnel marks 1800 opposite indicate that this is'a 

likely explanation. It ~he can were on top of the explosive and sub-
I 

surface ,ignition \'1ere to o.ccur, the Composition A-S might be confined at 

a depth sufficient to detonate the mixture. 

These explanations which have been advanced do provide some insight 

into \'1hat ~ight have occurred in the furnace to cause the explosion. 

HO\'1ever, additional testing is the only way· to obtain the data that 
. 

could fill in a lot more of the picture. Many tests are possible and. 

desirable but beyond the capabilities of this office to·conduct. 

Hercules and certainly some other organizations that deal with explosives 

have full time hazard analysis sections whose services are available 

on a contract basis. In l:ight of the fact that these ~WI'~: are going 

in at fourteen sites around the country and to date, no explosives 

hazard analysis has been performed, it \.;ouldbe in our own .best 

interests to look into contracting for this type of service. This 

would allow us to have a disinterested expert group analyze the 

3 
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the 9peration. and make· suggestions and perform tests whose results 
, . . - . ~ . . 

and recommendations could help to avoid another incident such as has 

already occurred or perhaps prevent someth~ng much more serious from 

occurr~ng. 
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Sl;3JZCT: ~~-\!"YS!S OF CC:'!P A-5 FOR :'!"OOELE J..:-:',':'! r-=2OT 

A:'l3::-"sis of ;:""':0 l"ts of C.;:::-.? A-S ~,;,-;<! ~:.:: ,n '::"_1' !.::t.:d as I1.=:r 
~:,~.~.:...... :;.I.l.rcl~c. s a =~ ~·";:5 t" D_~_';'G!;'9· - i S·-:·~~2 044. 

1. Y:.sual C~s.:r\'a~ . 
~o s2Qles of Co:np A-5 \,'era SU?plied; CIne r::::r;.: ..... ~d ··t,..:at" and the ether 
IIdry.1I ~::)th saIQ les were free-flc''-i~g .:~a cC'r:t:;ii'i.::d no free liq'.lid ~ 

~·acrcscopic e:·:amir.ation of t~le_ samples sho,':cd both ,;.-;re pr.edOUiinan~l.y 
RDX. rna larger RDX crystals contain so~e oother liquor. A few 
percent ~J1X is present in both sa~?les •. The particle size of the 
"dry" sa::.ple looks so:n:"'hat larger than that of the ·'t~et" sa:nple. 

' __ 2. ~'~oisture 

-.::. 

4. 

. , 
}~oisture (Gas Chro;:atograph) 

T:,er.::al Stability 

_.. .;. 'L A • •• 
~::.s C:1.:r-.J oons .",-uto 1. gnl. tl.on 
(Heating R.a teO - 30 c C/min) 

Hodified Ta liani 
(93.3 c C for 23 Hrs) 

Impact (2 kg wt) 

Dry 

.069'7. 

242 Cc 

1 i7ll!l Hg 

33 cm 

t':et 

.0591. 

4 t!!Il Hg 

51cm 

Friction 120 lbf @ 8 ft/sec 220 lbf @ 8 ft/sec 

ESD .025 Joules .05 J01lIeS 

'. 

( 

\ , 
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5. :h-!.iic~l .!~:'.ll ~.·sis . --.. --.-.~ 

Stearic Acid 

IR Scan 

C •• ,,0::-:: .:!SlOn 

, -
~ 

• 
1. cst 

~·i::l1 '5':::-:::; ~-:s 
to a CC'iltl-O 1 

.. ":-

1 1~'" _. -~ .. 
.. ere '::'::'i::;.:r'lb Ie 
scan on 3DX. 

The dr)~ S3~?:e ~as slis~t!y 
"~-"is~icr. II 

Eased on these tests ~e concl~deth3t tn~re is nQ c3sic ciii£c~cnce 
l.n t::'e sa=? les. T'~e differances :'lotad are typical of !,~t~tc -lot 

, - . 
~jJAs I S 

(1) • 
Threshold Initiation Values - Twenty no reactions; reaction at next 
test level. 

(2) 
Ten micron RDX (dry) gave identica 1 -va lues as ''wet n samp Ie. 

.\ 
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H.E: R:.C U LE S A E R 0 S PAC E 0 I V I S ION 
: , "HERCULSS, INCORPORATED 

BACCHUS WORKS .• M·AGNA", UTAHU044· TELEPHONE (801) 250-5911 

1 NovellJber 1978 

SP732/0l-10-13/l078 

Mr. Robert Durfee 
Tooele Army Depot 
Tooele, Utah 

Subject: Testing at Special SaFele of Composition A-S 
Project 732 

Dear Sir: 

The- sample of Comp A-S was received on .our plant and the following tests 
'were performed, as requested. 

'1. Moisture 
2. Chemical Analysis 
3. Differential Thermal Analysis (DTA) 
4. Thermal Stability 
S. Sensitivity, 

a. Impact' 
b. Friction 

Th'e material received appeared as a dry pot~der, contained a quantity of 
black flecks, was an off-white color, contained large ingredient particles, 
and was non-homogenous in texture. 

Results of the tests conducted are as follows: 

1. Hoisture analysis (by Gas Chromatograph,) 
0.006% 

2. Chemical Analysis 

Black particles were iron scale 
Steric Acid 1.05% 
HMX detected,... 2S% of Beta Crystalline Form (partic~e size ,... 30-2S0~ 
Remainder RDX, 

Crystals present were on the order of 300-700~ with a large number 
in the ?O .. 30~ range ,with fines as small as 2~;. The amount of HMX 
present in this recent Camp A-S samp Ie is abnormal. You would 
normally expect 3-8% to be present though as high as 10% is common 
due to the method of RDX manufacture. ,We are unable to detel'!tl1ine 
if the quantity of HMX t-las present in parent mate;-ial or occurred 
later. . 
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The fou()wiilg paragraph is exct!rpted' from a memo dated 13 April 
1978, to ,Terry Mathews of TAD,whic.h alludes to sample differences. 

''Microscopic examination of the sampl~s showed both were predominaI 
RDX. The larger RDX crystals contain some mother liquor. A few 
percent HMX is present in both samples. The particle size of the 
"dry sample" looks sOMeWhat larger than that of the ''wet'' sam:ple. tI 

3. DTA 

.The material indicates a large endotherm at 189°C with an exotberm 
at 210°C. 

4. Thennal Stability (Fisher Johns Autoignition) 

245°C 

s. Sensitivity 

.Threshold 
Impact 
Friction 
ESD 

Initiation Level* 
11 em 
240 lbf @ 8£ps 
0.075 Joules 

The data indicates a material which is more impact sensitive than othel: . 
Comp A-5 previously tested. The chemical analysis indicates some abnol;1I1aU.t 
which may be significant in light of your recent oven ineid~nts. A cOlPParis . 
of the Camp A-S data is given below. . 

Class 4. 
Wet**' Dry** "Oven"*** RDX 

'7,; H2O .059 '.069 .006 

1. Steric Acid 1.13 1.09 1.05 

IlDPact (em) 51 33 11 26 

Friction (lbf @ fps) 240 @ 8 130 @ 8 240 @ 8 100-200 @ 8 

EI)D (Joules) 0.05 0.025 0.075 .075 

FJAI CC} 242 247 245 

Based on conversations with you and our experience with HHXand RDX, 
several possibilities of potential causes of the furnace incidents are indic 

* Level of energy input which results in 20 consecutive trials with no re 
while at the next highest level at least one reaction occurs. 

** Previous data. 

*** Current A-S sample related to furnace incidents. 
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SP732/0l-l0-13/1078, 
P~ge 3 

1 •. ' Dust explosion - because of fine particles and ignition source 
present. 

2. Surface "flash" (caused by large particles present) running to 
explosion. 

3. Subsurface ignition transiting to explosion .. 

Our data. indicates that sensitivity of RDX does 'vary according to 
particle s:f,ze and that some particle sizes are· extremely sensi'tive to initiE: 
in a dust cloud. If the understanding of how your' furnace operates is COrrE: 
this is a likely cause of your recent problems', 

Large RDX p.article sizes have been shown in our combustion work to bun 
rapidly. Your system could be analogous to a rifle shell with an insltfficiE: 
p.owder cha·rge which whe'n placed in the ,:rifle causes a significantly increasE: 
ignition surface. Once ignited a "flashn occurs causing high pre::rsure at hj: 
pressurization rates which causes barrel rupture. 

" 

The third item seems less likely though it is a possibility. HMXexhil:' 
extremely low material heights required to cause explosion and/or detonatior 
RDX would be expected to behave in a similar manner. This particular ~c.enat 
would be highly dependent on factors, such as material and carrier configurat:' 
and oven conditions. 

We hope that the information supp lied to you is of benefit in 'YO!-1r 
investigation. Also, we hope that the comments on potential causes may be 

, of help. If we can be of' further assistance, please feel free to contact mE: 

CFD/afo 

cc: E. A. Mettenet 
R. L. Schaefer 
G. A. Savoy 
G. M. Daurelle 
B. A. Findl'ey 

I: 
/ 

.' 
.~-

Very truly yours, 

C.~Hazards Analyst 
Hazards Analysis Group , , 
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IV. Technical Paper -
Pollution From Open Air Detonation 
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AMMUNITION EQUIPMENT OFFICE 
TOOELE ARMY DEPOT 

TOOELE, UTAH 84074 

AlO Report 27-79· 

December 1972 

POLLUTION FROM OPEN AIR DETONATION AND OPEN BURNING 

PREPARED BY: APPROVED BY: 

')~.~ 
w. H. CRIST r -C, Ammunition Equipment Office 

~HAtts .. 
Asst, C, Ammo Equip Office 
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POLLUTION FADM OPEN AIR PETORATION AND OPEN BURNING 

INT~WCTION 

The Armed FOrces have been forced to consider environmental effects 

of explosive disposal. ,In many c&sei it has been assumed that detonation 

or burn1n~ of explosives on a delOOlitlon range 18 completely unacceptab.te 

eventhough no data was flvs.ilableQs to actual pollution levels produced 

by these actiVities.. As other 1beQ.nsot explosive disposal are being 

developed, an economic a.nolysis~f alternative me1;hod~ can only be made 

if the actual pollution reduction is known. This report attempts to 

summarize a literature search on this subject end to report investigations 

conducted by the Ammunltion Equip~nt Office. 

GAS:roUS POLLUTANTS' FroM D:m'ONATION 

A literature search revealed that elmst ell work that had been done 

on products of detonation conSidered detonation in 8 vacuum. Dr. Melvin 

Cook, in hie book The Science of High Explosives, has done a theoretical 

studY of the products of deton8t~on of many explosivea 1n B vacuum. Dr. 
• 

Donald Ornellas at Lawrence Radlft,tion Laboratories hRB Blso done experl-

mental work in this area. Since the products of detonation ina vacuum 

differ gres.tly from thoBe expected on a demolition range~ these works are 

mentioned as a reference only. 

The literature search revealed that the SOViet Union has conducted a 
.' 

study in this area,.and recently the Burlington and Pantex AEC Plants 
1 

have performed work in this area. AEO conducted tests also to subs~antia~e 

lAll references to Burlington work were obtained from progress report. 
entitled, "Disposal of Waste or Excess High Explosive" 
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the literature search. 

The results of tests at atmosphe!ic conditions at Burlington and AEO 

are very encouraging since the combustion appeared to be nearly complete 

in all. explosives tested. The Hussian study indicated more pollutants 

being formed, but this may have been because of the difference in experi

mental techniques. 

RuSSian Studies 

Table 1 ahows the results of the Russian studies on grain-granulite 

80/20 and TNT. Their studies were done to simulate blasting in open pit 
.. 

mining rather than explosive disposal. The charges verebur1ed 1n the 

ground 10-15 meters for the purpose of breaking loose ore. This may 

account for the fact that greater amounts of pollutants were formed 1n 

these tests than those conducted by Burlington and AEO. Although there 

is no mention of the size of these charges, it is assu~d they. are several 

ti~s smaller than the amounts of explosives commonly detonated during 

disposal. The deep burial of s~ll charges may serve to exclude air that 

co~ld carry the combus~lon process to complet~on. 

Burlington Tests 

Tests conducted at Burlington consisted of detonating 25 gram charges 

of HMX, TNT, and pm- in a chamber containing enough air that free oxygen 

could remain after the blasts. The tests showed that C02' H20, and N2 

(all non-pollutants) were the main products formed from all three tests. 

A Slight amount, of NH3 vas found dissolved in the water collected 1'rom all 
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tbre:e tests along with ~~ sIM11 8111f)Unt of NO% (.19 1I01e/.,le ot explosive) 

in the test using TIT. 

AU) Teets 

AEO tests were conducted on 15-25 gram charges ot tetryl and Co.., B 

1n·a chamber containing enough air that the composition 01 gas remaining 

in the chamber after the blasts still contained 5-10~ free oxygen. A gas 

analysis on both tests revealed t~e formation of CO2 and N2 with only a 

trace amount of gaseous unburned hydrocarbons. A trace amount of CO was . 
also found in the COmp B test. The trace an:ounts were .les8 than .l~ by 

volume compared to the formation of C02 to the extent of 10; by volume. 

No attempt was made to collect ~O and it was all,?wed to precipitate in 

tbe chamber. 

OPEN' AIR ;BURNING 

Burlington has conducted tests by burning approximately .6 grams of 

va.rious explosives. Assum1ngtha.t the products formed in small scale 

tests are in the same proportion as those produced 1n large scale open 

burntng, the results obtained are shown in Table 2. 

The work on open air burning measured the'particulate produced (soot) 

as well as gaseous- ~ollutants. 

DISCUSSION OF RESULTS 

Hesults obtained fro~ theae small Bcale tests seem very encouraging. 

It would a.ppear that detonation rather than burning produces less gaseous 

pollutants. Detonation obviously produces more particulate in the air. 

• 
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No atteDPt has been made 1n this report to define the particulate 

pollutants produced by detonation. Altho~gh vast quantit1es ot particulate 

are hurled1nto the air, most ot th1. 8ettles out right away and can hardly 

. be termed suspended particulate. It 18 only the very amall particulate 

that i8 harmful. Any Federal standard on. part1culate levels would probably 
\ 

have to be made on measurements ot ambient air not 1mmediately in the bla.t 

area, thuB measuring instruments would not be effected by the particulate 

that settles out right away. 
. 

Any conclusion8 drawn from the· gaseous pollutant on these small scale . ., 

, 
tests are based on the·assumption that large scale disposal produces 

products in the same proportion. This may not be exactly true since some 

pollutant formation, NOx particularly, is very dependant on the combustion 

temperature and cOQling rate. Burli~gton currently has a program of 

s~ling ambient air in the surrounding vicinity of explosive burning. 

During the month of June 1972 an arithmetic mean of .044 ppm N02 was 

measured with a burning rate of 4-17,000 pounds ot explosive in a twenty-

four hour period. This compares favorably with the national standard of 

.05 ppm annual arithmetic mean. 

CONCLUSIONS 

It appears that it 1s invalid to automatically assume that detonation 

and open air burning are the wrst polluto.rs of all explosive disposal 

methods. As this report shows, the gaseous pollutants produced by these .. 

methods, detonation especially, may not be beyond the acceptable standard. 

.i~ 
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Perhaps an investigation by the Environmental Protection Agency could 

show that particulate concentration. produced by detonation could 

actually be allo~d under present stan4ards it allowances are made tor 

the large unharmful part1cle~ that readily settle out ot the atmosphere. 



. L-. '_i _'. '.L.:.J 1. 1 [-~~--1 (---~'--l r~·':--'-""~---' /·-~·---I 

L--J L-J ~ 

, . 

Strength indicator . Content of noxious gases per 
of rock according '1. kg explosives z 1 

Explosive Ore, rock to scale of Prof. 
Protod 'yako.nov CO . N02 total* 

Grain-granulite Magnetite hornfels 14 - 16 15.5 2.54 32.0 
80/20 13 - 15 13.0 3.33 3ij.6 , 

Magnetite andsemioxtdizea 12 - 13 12.2 3.48 34.8 
hornfels 

Substandard hornfels and Shales 10 - 12 10.2 7.0 55.7 
Shales 9 - 10 9.4 7.7 59.4 

Grain-granulite Magnetite hornfels 13 - 15 33.2 2.82 51.5 
50/50 Substandard and magnetite hornfels 12 - 13 30.8 3.34 52.4 

'l'h"'T Magnetite hornfels 16 - 18 70.2 2.02 83.1 
14 - 16 65.4 2.91 84.4 
13 - 15 57.8 1.54 74.3 

Substandard and magnetite bornfels 12 - 14 52.2 3.19 72.8 

* Calculated relative to .carbon monoxide. 

TABLE 1 

I ... .. =:~ ..... 
"' 
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ESTIMATED DAII3 POLWTION MtISSION 
FmM BURNING EXPWSIVES 

.'," ,.-." , ... ,--.-,~~-::,~.';', -,~.-,.:. ~--,~,' .:-'-' ...... 

Burning Burning Burning Burning Autos 
3.8 Tons 3.8 TOns 3.8 Tons 3.8 Tons AdJacent, 

Pollutant nX-9404 LX-09 Comp-B-3 TNT to Plant 

Carbon k>noxide (lba.) 23 4 19 213 2~99 

Oxides of Nitrogen (lbs.) 144 110 141 570 192 

Hydrocarbons (lbs.) -0- -0- -0- 4 218 

Phosphorous Pentoxide (lba.) 49 -0- -0- -0- Bo Standard 

Hydrochloric Acid (lbs. ) 87 -0- -0- -o- Ne Standard 

Hydrofluoric Acid (lba.) -0- 23 -0- , -0- -0-

Soot (lba.) -0- -0- -0- 684 No Standard 

NOTE: The automtive figureaare based on 10,380 daily vehicles (Iowa. Highway Commission count) travelling 
2.8 lrlleseach (along the Burlington defense plant perimeter). Each ,vehicle ia assumed to barely 
comply with Federal Emission Standards for automb11es as publ1shed in Env1ronmental Science and 
Technology(6). The value of 3.8 tons is the average daily allX>unt burned for all explosive.com
bined from both divisions A and B at the Burlington Plant. 

TABLE 2 
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EXPWSIVE 

CO!IP B 
26.1 sma 

Comp B 
26 ps 

Tetry1 
17.7 grms 

Tetry1 
29.3 grms 

Chamber Volume 6 Cu. Ft. 

Tr - Trace 

ND - Not Detected 
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Am TEST DATA 

CHAMBER GAS ANALYSIS I PERCmT BY VOLUME 

O2 N2 CO2 CO .C1f4 

6.98 83.12 9.90 Tr Tr 

7.3 Bo.1 12.6 lID ND 

13.0 79.0 8.0 un ND 

4.9 75.5 19.5 1m ND 

TABLE 3 
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SUMMARY 

The determination of the quanti ty and types of gaseous by-products 
created from an open detonation of trinitrotoulene (TNT) 1s a difficult 
issue. Very little work has been conducted in this field and what has been 
,done reveals conflicting results. The quantity of gaseous by-products did 
not agree completely between rese~rchers cited in this stuqy for any 
species. In some exampl es, the types of gaseous by-products differed 

between sources. With one exception, all work to this point involves small 
scale detonation analysis. The ultimate premise of this study is to predict 
detonation by-products for TNT quantities of Jto 2 tons. 

This study has attempted to bring all or'thesources into perspective 

and simul taneously conduct an independent stuqy on open air detonation. A, 
literature search revealed several sources of previous work. The premise 
for most of this work was small scale, inclosed laboratory analysis. The 
detonation by-products depend on many factors; loading density, method of 
initiation, confinement, the chemistry of the surrounding media, and the gas 
expansion characteristics. Thus, a correlation problem with this work and 

open air detonation work exists. Scaling-up small scale work to large scale 
in-situ detonation$ is also a problem. The,explosion characteristics change 

with charge size. 
This study includes a literature search for previous work, a computer 

ana1ysi s using an isentropic (constant f~ntropy) equi1 ibri un program for 
theoretical predictions, the toxicity of key noxious species, the formation 
of these species, scale-up problems, an economic comparison between open air 
detonation and its alternative, and a simulated open detonation experiment. 

The most noxious gaseous by-products are carbon monoxide (CO), nitrogen 

oxides (NOx), and hydrogen cyanide (HCN). Using the programs predictions, 
which were high by comparison, atmosphel"ic dispersion calculations were 

conducted. HCN and NOx appear to pose no harmful effects. CO, on the 
other hand, may possess a potential danger. An ambient concentration of 
8000 ppm was calculated. It should be noted that these calculations are 

i 
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...... ~- . very rough estimates and that several si de reactions may oxidize CO to 
. carbon dioxide (C02)' The toxicity of carbon monoxide is dependent on two 

! factors, concentration and duration. Although the concentration maybe. 
, ' 

I high, the duration of exposure would be very small. a few seconds. 
This study and subsequent experiment brought together a large 

percentage of the work thus far conducted on TNT detonation. It should be 
noted that 95% of the . information concerns either theoretical. predictions or 

. , small scale experimentation. Large detonations have vastly different 
I .. . . 

condi tions than small scal e. Therefore the correl ation between 1 arge and. 
. small is not a rel iab1 e one. Two follow-up studies shoul d be conducted. 

. One would expand the experiment presented here-in to develop sampling 
,technique and expertise. With this gain in knowledge, a study using the 
'charge si zefound in actual demi1 operations should be conducted. Fran this 
study an Environmental Impact Statement could be prepared and the problem 

put to rest. 
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INTRODUCTION 
,~~~~~----------------~--------------------------~--------

Faced with the disposal of out dated and unserviceable munitions, the 
Army has utllized several disposal methods. With the emphasis on the 
environment, methods such as incineration have-replaced earlier usage of 

- open ah~ detonation and uncontrolled burning. However, little wo'rk has been 
conducted to determine the environmental insult, if any, of open air 
detonation. Open air detonation is hypothesized to be environmentally 
harmful and is thus discouraged. This notion of hanm is not well founded. 
A qualitative as well as quantitative determination of open air detonation 
needs to be explored. 

There are several reasons why open air detonation should be thoroughly 
eval uated and carefully consi dered. The fi rst primary motivator is 
economics. Is open air detonation less expensive than its alternate, 
incineration? Another consideration is the technical feasibility of 
incineration or any other alternative. A final consideration is the safety 
of the alternatives. 

When munitions are handled, the risk of injury exists. As the number 
of times a munition is handled increases, as is necessary for incineration, 
the injury possib1ity likewise increases. 

Is open air detonation less expensive? Each year escalates the price 
tag of incineration systems. Currently, the Projectile Saw/Explosive Waste 
Incinerator, the primary alternative:. has a $1. 7 mil110n price tag. Present 

( 

and future budgets may not be able to absorb these costs. A later section 
will stu~ this in more depth. 

The technical feasibility of incineration may also come under some 
scrutiny. Combustion products are as hard to predict as detonation 

\ 

products. Although incineration is cleaner, the reduction of pollutants may 
not justify the costs. 

Very little work has been conducted in the analysis of detonation 
by-products. Generally, most work was conducted in the laboratory, using 
small quantities of explosive and performing detonations in evacuated 

1 
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I calorimeters. This work gives valuable information from a controlled bas1s 

but lacks the rea11sm of an open air detonat1on. Much can be learned fran a 
control 1 ed expl os1 on but conditions are drastically al tered when 100g of 
explosive in a vacuun are subsituted by 2 tons of explosive 1n the open' 
desert. 

This study was approached from several aspects. First a l1terature 
search was conducted to discover the characteristics of an explosion and 
previous work done in the field o·f explosive detonat1on. Second, 
theoretical detonation products were derived from a thermo~nam1c comput~r 
analysis. Third, estimates of the dispersion of detonation products are 
looked at. Fourth, the formation and toxicity of carbon monoxide (CO) and 
nitrogen oxides (NOx) are discussed. Fifth, the ability to scale up from 
small seal e detonations to 1 arge scale expl osionsi s analyzed. Sixth, an 
economic comparison is conducted between incineration and open air 
detonation. Finally, an experiment of our own was conducted to simulate an 
open air deto~ation. 

BaCkground 

Detonation and Deflagration 

Before an adequate analysis of the effects of detonation can be 
approached, a good working knowledge of the detonation phenOmenon is 
necessary. In additon, detonation needs to be contrasted with 
deflagration. 

Detonation is a chemical reaction occuring within a shock wave known as 
a detonation wave. Detonation involves the evolution of heat and gases at 
an extrodinarily rapid speed. Very hot pressurized gases are left in a 
detonation aftermath. The detonation wave propagates through the explosive 
at very high yet constant and reproducible rates. For example, TNT, has a 
rate of detonation of 5000 to 7000 meters per second. Detonation can be 
described as a distinct discountinuitYt moving through an explosive at a 
constant velocity D. Figure 1 illustrates this concept. 

2 
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P = Pressure 
p = Density 
T = Temperature 

-u 

. u = Particle Velocity 
D = Detonation Velocity 

DETONATION 

~ATIONFRONT 
FIGURE 1 

o Subscript = Initial Conditions 

UNDETONATED 
PRODUCTS 

( FROM: J. S. Ri enhart and J. Pearson, "Exp 1 os i ve Working of Metals", Pergamon 
Press Book, The Macmillan Company (1963)) 

Initation of a detonation is preceeded by a combustion process known as 
defl agration. Defl agration (burni ng), and detonation differ in that the 
defl agrati on gaseous by-products move away from the reacti ng surface whereas 
detonation gaseous by-products move towards the reacting surface creating a 
pressure surge and thus a shock wave. 

Fi gure 2 illustrates the detonati on process as a functi on of time and 
reaction rate. Detonation occurs at a finite time after initiation. The 
difference between low and high explosions is also well illustrated in Figure 
2. 

3 
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Previous Detonation Analysis 

Several scientists have conducted experiments on the gaseous by-products 
of an explosive detonation. Many different types of apparatus were used to 

conduct the experiment and analyze the gaseous by-products. Generally. 
detonations were conducted 1n a bomb calorimeter under a vacuum. 

The Bichel Guage is u~ed to measure carbon mOnoxide (CO) concentrations 
from an explosivedetonat'ion. In a Bichel. Gauge test 200 grams of an 
explosive is fired at low loading densities in an evacuated chamber with a 15 
1 iter vol ume. 

A Crawshaw-Jones apparatus is used to determine nitrogen oxides (NOx) 
formed during an explosion. The apparatus is composed of a steel cannon with 
a 2 inch by 21 inch cylindrical borehole. Gaseous by-products are discharg~d 

. " 

into an evacuated cylinder with a 90 liter capacity. Temperature and 
pressure readings are taken at 5 minute intervals until equilibrium is 
atta1ned. 

The Bureau of Mines in Bruceton, Pennsylvania, detonated explosives in 
mines and tunnel s. The after-detonation products fo~ed were collected, 
analyzed, and compared to resul ts obtained from the Bichel Gauge, 
Crawshaw-Jones Apparatus, and similar types of experiments. A general 
conclusion was made that after-detonation products formed under actual 
conditions is substantially different from laboratory work.2 

Dr. Melvin Cook at the University of Utah conducted laboratory 
,~ 

experiments of explosive detonation under vacuum conditions. Dr. Cook 
concluded that fumes encountered in the Bichel Gauge, Crawshaw-Jones 
Apparatus, Trauzl Block, or other methods generally do not agree among 
themselves or with fumes generated in actual field applications. Several 
reasons can be attributed to this phenomena. Detonation~products depend on 
many factors; loading density, mode of initiation, confinement, the chemistry 
of the surrounding media, and whethe .... the gases expand adiabatically and 
reversibly, freely,~or against burdens. 3 

2 A.G. Streng, "Eval uat-ion of Toxic After-Detonation Gases Formed by 
Industrial Explosives", Germantown Laboratories Inc. Phil adel pha, PA. 

3 M.A. Cook, liThe Science of High Explosives", ACS Monograph Series, 
Reinhold Publishing Corp (1958). 
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Appreciating the basic weaknesses of laboratory experimentation, two 
German scientists, Beyl1ng and Drekopf, captured detonation fumes in actual 
field conditions. The most important.observation produced was that 
undetonated explosive or explosive ingredients were found in the products of 
detonation. 

Burlington and Pantex AEC conducted detonation tests On HMX, TNT, and 
PETN. A 25 gram open air detonation was observed to have cOIIIplete 
combustion. Nitrogen (N2), carbon dio·xide (C02), and water (H20) were 
the major detonation produts and trace amounts of ammonia (NH3) and 
nitrogen oxides (NOx) were found in the aftermath of TNT. 

Russia has also done some investigation into after detonation· gas 
analysis. The premise for their work was the association of exp10shes in 
mining operations to help enhance miner safety. The results are found in 
Table 1. Basically the study found that the after-detonation gas could 
contain 300-500 mg/m3 of particulate, carbon monoxide (CO), and nitrogen 
oxides (NOx). Gas adsorption into the rock was apparent as noxious gases 
were liberated from the rock near the blast over a 2-15 hour period. 
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TABLE 1 " ~ ,i,;, 
I 

, · i'RUSSIAN STUDY OF NOXIOUS GASES PRODUCED PER KILOGRAM OF TNT AS A FUNCTION OF 
SURROUNDING MEDIA STRENGTH 

EXPLOSIVE 

TNT 

ORE, ROCK 

MAGNETITE 
HORNFELS 

SUBSTANDARD 
AND MAGNETITE 
HORNFELS 

STRENGTH INDICATOR.OF 
ROCK ACCORDING TO SCALE 
OF PROF. PROTOO'YAKONOV 

16-18 
14-16 
13-15 

12-14 

CONTENT OF 
NOXIOUS GASES PER 
1 KG OF EXPLOSIVE, l 

CO N02 . TOTAL - - ----70.2 2.02 83.1 
65.4 2.91 84.4 
57.8 1.54 74.3 

52.2 3.19 7~.8 

Several observations can be derived from this data. First, as was pointed out by 
Dr. Cook, the after detonation gases depend on surrounding media. From Table 1, as 
the strength indicator of the rock increased, so did the volume of noxious gases. 
Secondly, the test study was for confined TNT explosions, not open air detonation 
addressed in this study. 

Dr. Donald l. Ornellas of Lawrence Livermore Laboratory conducted 
experiments involving after detonation products in a vaculJII environment. Table 2 
lists his findings. 
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TABLE 2 

<i;' , ' 

AFTER DETONATION PRODUCTS OF TNT AND COMPOSITION S, LAWRENCE LIVERMORE 
LABORATORIES 

EXPLOSIVE TNT COMPOSITION B 

PRODUCTS (MOLES/MOLE OF EXPLOSIVE) 
CO 1.98 0.88 

CO2 1.25 0.66 
C(s) 3.65 0.51 

H2O 1.60 0.81 

H2 0.46 0.36 

N2 1.32 0.94 

~H3 0.16 No Informati on 

CH4 0.099 No Informati on 

The Directorate for Ammunition Equipment, TEAD, Tooele Utah, in 1972 
conducted work in the area of open air detonation. In his paper "Pollution from 
Open Air Detonation and Open Burning", Ralph Hayes conducted an experiment in 
which Composition Band Tetryl were detonated in a 6 cubic feet chamber. The gas 
was allowed to reach equilibrium and then siphoned out of the chamber. Table 3 

gives the data accumulated. 

8 



{] 

i] 

o 
[J 

tJ 
L_ 

J 
[J 
:--] 
L_ 

i] 

'] 

J 
fJ 
fJ 

] 

[j 

~J 

:] 

J 

The first experiment, code named Middle Gust 1, was a half buried 20 ton 
'.' 

explosion in moist sandy clay. Flourescent beads were located at 150 feet, 200 
" feet, ,350 feet, 500 feet, 1000 feet, and 2000 feet from ground zero to study .~ 

ground sweepup. The observations included: 
a. Ground sweepup only involved the particles located at the 150 and 200 

feet locations • 
. b. Sweepup of particles less than 5u (microns) in diameter were only found 

in the stem and none in the main cloud. No coupling ex1ste~ between the ma,in 
detonation cloud and the stem. 

c. Dust concentrations declined at a rate of 20' per minute due to fallout 
and cloud expansion. 

The second experiment Middle Gust II, involved a 100 ton simulated air 
blast. The charge was elevated one radius above ground. The ground was wet 
sandy clay. The most significant observation from th1s detonation concerned dust 
concentration Middle Gust II produced only 1/6 as much dust as Middle Gust I,a 
detonation bllSt of only 1/5 the magn"itude. Therefore, it can be concl uded that 
air blasts are better from a fallout standpoint. 

Mine Throw I, a 100 ton blastin an old nuclear crater, was the third 
experiment. Due to the mechanica1attri tion of the soil fran the previous 
nuclear blast, dust concentrations were very high. Concentrations exceeded 1 to 
2 grams per cubic meter. This compares to a concentration of only 0.01 grams per 
cubic meter in Middle Gust II. 

The next experiment, Mixed Company I, was a 20 ton detonation, half-buried 
over sandstone beds. The weathered sandstone contributed to a lower particle 
size spectra than found during the Middle Gust I and Mine Throw I detonat10ns. 

Middle Gust IY was a 100 ton blast conducted over dry sandy clay. The 
yield, ~configuration, and soil type for this experiment waS identical to another 
experiment, Middle Gust Ill, except that Middle Gust Ill's soil had higher 
moisture content. Dust concentrations in Middle Gust IY's cloud was two to four 
times less than Middle Gust Ill's cloud at comparable cloud locations. Only the 
simulated air blast, Middle Gust II, had lower dustconcenrations. Apparently, 
from the above comparison, water present in moist soil, as in Middle Gust III's 
case, contributes to the quantay of dust. The moisture, as it .isconverted, to 
steam by the explosion fireball, increases the dust concentration. This 
indicates that greater moisture content increases dust.fa1lout problems. 

10 
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from a true aerosol to large ejecta blocks • The after detonation dust cl oud .~ . 
The dusts associated w1th h1ghexplosive detonations fall in a wide spectrum 

. particles typically have peaks in the 400-600u diameter. ~ These particles are 
simn ar to mist or a light rain and precipi tate rapidly causi ng mass segregatipn 

~ of the after detonati on dust cloud. 
Gaseous detonation products were a1 so analyzed by the Meteorology Research 

Inc. A 1.5 lb. TNT detonation in a 800 ft3 chamber were compared with the 500' 
ton Mixed Company III experiment. The large scale detonation had lower nitrogen 
dioxide (N02), comparable nitric oxide (NO), and higher anwnonia (NH3), 

methane (CH4), and carbon monoxide (CO) than predicted by the small scale test. 
High concentrations of anmonia, methane, and carbon monoxide may indicate 
oxidation of detonation products is less complete during large scale tests where 
considerable .slow burning is observed after the initial detonation. 

Sierra Army Depot, Herlong, California,took daily air samples during ope~ 
air detonation operations during the time frame of 4 October to 4 November, 1978. 
Sampl es were taken using hi gh vol ume air samplers as prescribed by the Army 

Environmental Hygiene Agency and the California Air Resources Board~ Frana 2~ 
sample data bank, an Environmental Impact Statement was wr1tten. The document 
states: liThe open detonation operations had no measurable impact on the Sierra 
ArmY Depot regional air quality during the study period. The visible impact 
could be minimized by temporal separation of the detonations by 2 to 3 minutes. 
These resul ts may be useful to other install ations 1n assessing the air quality 
impacts of other open detonation operations."S 

5 John P. Piercy, "Open Detonation Environmental Assessment No. 
43-21-0068-79, Sierra Art1\)' Depot, Herlong, CA, 4 October-4 November 1978". 
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. , ; ; TECHNICAL DISCUSSION 
. ; 

~ 1: '. 

" il,.': ,. Theoretical Detonation Products 

1"Oecomposi ti on of TNT under detonati on depends on many factors; TNT density, 
chemistry of surrounding media, resistance to expansion of detonation gases, mode 

. . .' . . - . 

" , . of initiation and confinement. Tabeusz Urbamski 6 states that decomposition .' 
under detonation may be represented by: 

16C7HS(N02)3 = 20C02 + 47CO + CH4 + H20 + 2C2H2+ 2HCN + 
14.SH2 + 21.SN2+ 3NH4NCO + 29 C 

Schmidt 6 gave several modes-of TNT decomposition based on 1000 grams of 
TNT asa function of density: 

(1) Density = 1.0 grams/cm3 

4.4C7H5(N02)3 = 2.84 C02 + 17.0 CO + 3.77 H20 + 2.49 H2 + 0.1 
CmHn + 0.1 CH4 + 2.85 NH3 + 0.47 HCN + 0.2 

C2N2 + 4.75 N2 + 10C 

(2) Density ~ 1.59 grams/cm3 

4.4 C7H5 (N02)3 ~ 5.47 C02 + 9.39 CO + 6.09H20 + 1.63H2 + 
0.03CmHn + O.42CH4 + 1.SNH3 + 0.32 HCN + 

O.3C2N2 + 5.39N2 + 14.6C 

To illustrate how the loading density affects the products of TNT 
detonation, DR. D.W. Robinson 4 calculated gaseous by-products using theot.(V) 
equation of state: 

PV = nRT +~(T,V) P 

6 Tadevsz Urbanski, "Chemistry and Technology of Explosives" ~ The MacMillan 
Company, New York (1964) 
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Density, p (g/ee) 
lOG F 

a (ee/g) 
CO (moles/kg) 

CO2 
H2 
H2O 
H2 
CH4 
NH3 
CH30H 
HCN 

C2H2 .... 
C 
n (moles gas/kg) 
Q (keallg) 
Cv (keal/kg/oK) 
T2 (Ok 10-3) 

P2 (ootm 10-4) 

TABLE 4 
DETONATION PROPERTIES OF TNT AS A FUNCTION OF DENSITY 

0.3 0~8 

0.33 2.12 
0.82 0.22 

24.3 16.2 
0.5 3.3 
5.5 1.1 
1.4 2.6 
5.5 4.9 
1.4 1.4 
0~1 0.5 

0.8 
2.2 3 • .1 

0.5 0.4 
2.3 5.0 

41.5 34.6 
0.62 0.79 
0.292 0.321 
2.77 3.35 
0.8 4.4 

r-:--t 
I,---~ ___ J 

0.95 
2.69 
0.15 

12.1 
5.2 
0.9 
2.4 
5.2 
1.0 
0.5 
1.6 
2.8 

0.3 
7.4 

31.8 
0.87 
0.334 
3.58 
6.1 

-I I 
,--, 
~-~, ~-j, 

1.11 
3.31 
0.11 
8.15 
6.6 
0.2 
2.5 
5.3 
0.5 
0.5 
2.5 
2.:2 

0.2 
10.2 
28.8 
0.98 
0.349 
3.82 
8.4 

1.27 
3.98 

. 0.08 
4.5 
8.3 
0.1 
1.9 
5.6 
0.3 
0.5 
3.4 
1.6 

0.1 
12.5 
26.3 
1.07 
0.365 
3.981 

11.1 

r:c:-: L:c ___ ) 

1.47 
4.8 

1 
0.058 

j 

1.8i 
I 

9.5! 

1.3 
5.9 
0.1 
0.4 ; 

tI') -4.3.1 
I 

1.1 I 

- I 

14.2 ; 

24.2 : 
1.13 

I 

'I 0.3715 
1 
I 

4.0~ 

14.1: 
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,1_, " This table illustrates two points. First, one parameter, density, 
causes a wide variation in after detonation products. As stated before. 

, there are many variable parameters. Secondly, theory does not agree with 
itself., In Table 4 above, Dr. Robinson claims a CO content of 8.5 moles/kg, 
Urbanski c1aims 12.9 moles/kg, and Schmidt claims 17 moles/kg at a density 
of 1.0 to 1.11 g/cc. 

Theoretical Computer Analysis 

.: ~ 

If ~ 
!. The United States Air Force Rocket,Propulsion Laboratory developed a 

.;:one-di",ensional isentropic equilibrium program. The program g1ves 
'; thermodynamic equil ibrium combustion products. Al though desi gned for the 

analysis of rocket propellents, explosives can be injected for analysis. 
Two analysis were conducted initially. Using detonation temperatures 

, and pressures from Rinehart and Pearson, values were placed in the input., 
One computer run concerned the production of various after detonation gases 

, as a function of temperature at constant pressure. Tna second considered 
after detonation gases as a function of pressure at constant temperature. 

Table 5 is a summation of the constant pressure calculat'ions. Figure 3 
graphically ill ustrates the number of mol es of after detonation gases at a 

. median detonation pressure of 15,000 atm. per 1 kg of TNT. As illustrated, 
the formation of carbon monoxide, carbon dioxide, water, and hydrogen 
mol ecul es rema in nearly constant over the temperature spectrum. Ni trogen 
molecules of the surrounding air remains relatively inert to reaction as 
illustrated by the straight line across the temperature specturm. As 
detonation temperature increases, methane and ammonia formation decreases, 
hydrogen cyanide increases slightly, and nitrous oxide and nitric oxide 
formation increases very sharply. 
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• i Table 6 is a summation of constant temperature calculations.' Figure 4 

" :. graphically 111 ustrates the number of mol es of after deton,ation gases at a 
'. -, median temperature of 3000°C per 1 kg of TNT. As'in the constant pressure 

, 'calculations, nitrogen molecule, carbon dioxide, water, carbon monoxide, and 

,hydrogen molecule remain relatively unal teredacross the pressure spectrum. 

As detonation pressure increases, nitric oxide formation decreases and 

hydrogen cyanide, aJ'lll'lonia, and methane formation increases. 
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TABLE 5 
AEROTHERM ISENTROPIC EQUILIBRIUM PROGRAM CONSTANT PRESSURE 

t (OC) 1500 2000 3000 3500 4500 SOOO 
P (am x 105) 1.5 1.5 1.5 1.5 1.5 1.6 
P (g/ee) 2.87 2.14 - 1.48 1.28 1.00 0.896 
n (moles gas/kg) 35.90 37.52 37.78 37.84 38.26 38.71 

CO (moles/leg) 10.34 12.65 13.17 13.25 13.48 13.68 
CO2 3.996 2.580 2.159 2.072 1.80 1.555 
H2 1.538 2.430 2.376 2.317 2.279 2.314 
H2O 2.192 2.701 03.002 3.021 2.739 2.400 ;.0 

...... 
N2 16.89 16.89 16.91 16.90 16.78 16.65 
CH4 7.916E-01 9.826£-02 2.361E-03 7.906E-04 1.964£-04 1.409£-04 
NH3 1.029£-01 _ 8.586E-02 3.531£-02 2.682E-02 1.927E-02 1.775£-02 
CH30H 6.894£-02 4.678E-04 1.179£-04 7.744E-05 4.753£-05 4.240E-05 
HeN 2.729E-02 5.025£-02 4.644£-02 4.594£-02 5.293E-04 6.380E-02 
C2H2 2.478£-04 4.474£-04 1.992£-04 5.293£-04 1.507£-04 1.977£-04 
N20 5.732E-1O 6.798£-08 2.156£-05 1.232£-04 1.184£-03 2.380E-03 
NOx 1. 175E-07 1.469£-05 4.005£-03 2.498E-02 2.286£-01 4.494£-01 

- ' 

J--:--:; CJ C1D c=J l oj LJ ~ Col ,~ .... - "r-r ~ ~ L-J Cl L2J i~I~~~J ~ r--l L~--,, __ I c-=J L..........._-----" I i.; 
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TABLE 6 

AEROTHERM ISENTROPIC EQUILIBRIUM PROGRAM CONSTANT TEMPERATURE 

P (a1lll x 103) 5 10 15 20 25 30 
t (Oe) 3000 3000 3000 3000 3000 3000 
P (glee) 0.492 0.985 1.479 1.974 2.470 2.967 
n (moles .gas/k.g) 37".88 37.82 37.78 37.74 37.70 37.66 

CO (Jlol eslkg) 13.26 13.21 13.17 13.13 13.08 13.04 
CO2 2.12 2.14 2.15 2.18 2.20 2.21 

H2 2.43 2.40 2.38 2.35 2.32 2.29 
H2O 3.00 3.00 3.00 3.00 3.00 2.99 00 ..... 
H2 16.94 16.93 16.91 16.90 16.88 16.87 

CH4 2.908E-04 1.119£-03 2.425E-03 4.153E-03 6.239E-03 8.651E-03 

NH3 1.041E-02. 2.395E-02 3.530E-02 4.624E-02 5.672E-02 6.684E-02 

CH30H 1.460E-05 5. 351E-05 1.167E-04 2.019E-04 3.071E-04 4.299£-04 
HCN 1.616E-02 3.161E-02 4.645£-02 6.068E-02 7.424E-02 8.730E-02 

C2H2 2.595£-05 9.213E-05 1.976E-04 3.367E-04 5.051E-04 6.968E-04 

N20 2.058E-05 2.137E-05 2.164E-05 2.189E-05 2.213E-05 2.239E-05 

NOx 7.697E-03 5.509£-03 4.548E-03 3.981E-03 3.600E...;03 3.322E-03 

L : I r L ) IT] CJ L _J CJ .-------, ~ c-:-J ~ l.~"~J L:J --..oJ L~J L ___ ~ 
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To illustrate the discrepancy between theoretical predictions, Dr. 

Robinson's data was placed into the Aerotherm Program. Table 7 sURIllarizes 

. the Aerotherm run while Figure 5 graphically contrasts Aerothenn and Dr. 
~ 

Robinson's predictions. 

A quick glance between the equilibrium program and Dr. Robinson's 

preditions show considerable variance., This illustrates the differances 

between different sources of theory. It is easy to contrast these two 

sourtes with the predictions given by Urbanski and Schmidt. Four sources'of 

after detonation products which yield four totally different predictions. 

Theory is not only non-reproducible among itself but it does not easily 

align itself with actual experimentation. An example of this observation is 

easi ly shown by contrasti ng Dr. Donal d L. Ornell as of Lawrence Livermore 

Labs experimental data with that of the four sources in this section. Table 

8 contrasts the five sources for various by-products. 
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TABLE 7 .. 
DETONATION PROPERTIES OF TNT AS A FUNCTION OF DENSITY AEROTHERM 

1> (g/ee) 0.3 0.8 0.95 1.11 1.27 1.47 

n haoles gas/kg) 37.81 37.60 37.49 37.39 37.28 37.14 
t (Ok 010-3) 2.77 3.55 3~58 . 3.82 3.98 4.05 

P (atm x 10-4) 0.8 4.4 6.1 8.4 11.1 14.1 

CO (moles/kg) 13.12 12.98 12.86 12.74 12.59 12.43 

CO2 2.24 2.20 2.25 2.27 2.31 2.37 

H2 2.51 2.19 2.11 2.01 1.91 2.82 

H2O 2.9.1 3.01 3.00 3.01 3.00 2.98 ...... 

N2 16.9.3 16.84 16.81 16.76 16.71 16.67 N 

CH4 3.49£-03· 8.47E-03 1.42E-02 1.47E-02 1.70E-02 2.12£-02 

NH3 2.88E-02 8.01E-02 1.04E-01 1.20E-01 1.3.9E-01 1.61E~01 

CH30H 6.31E-05 7.66E-04 1.19E-03 1.75E-03 2.51E-Q3 3.53E-03 

HeN 2.71E-02 1. 21E-01 1.58E-Ol 2.03£-01 2.50E-01 2.94E-01 

C2H2 8.77E-05 1.19E-03 2.01E-03 3.07E-03 4.42E-03 6.04E-03 

C 
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Figure 5 
MOLES GAS PRODUCED PER KG TNT VS DENSITY 
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TABLE 8 
MOLES OF AFTER-DETONATION GASES PER KG TNT 

GAS (MOLES/KG TNT) ORNELLAS ROBINSONa AEROTHERMb SCHMIOTc URBANSKI 

co 8.72 1.8 12.43 9.39 12.93 
CO2 5.50 9.5 2.37 5.47 5.50 
C (5) 16.07 14.2 14.6 7.98 
H2O 7.04 1.3 2.98 6.09 7.98 
H2 2.03 1.82 1.63 3.99 
N2 5.81 5.9 16.67 5.39 5.92 
NH3 0.70 0.4 0.16 1.5 
CH4 0.44 0.1 0.02 0.42 0.28 t"'l 

C2H2 0.006 0.3 0.55 
N 

HCN 1.1 0.29 0.32 0.55 
CH30H 4.3 0.004 

a. Robinson, values from a density of 1.47 grams/~3 
b. AEROTHERM, values from a· dens1ty of 1.47 grams/em3 

c. Schmidt, values from a density of 1.59 grams/em3 

!~ L .) I· c ;"\'1 c:JJ l :, f 
~, -, l' .;J ~ '~ c-l ~ L~.~l 

-,. -, c-t ~ t:=:J l~\ . J ~ '~ ----- L __ --0 ~ l . I J 'L_) I,-~ __ ..J' <- ""-' ,.:,. 



II 
n 

.. n .. 

D l" 

U 
[J 

fJ 

, r] 
'] I· _. . 

I c. 

IJ 
ij 

] i 
l .. 

I~j 
I_ 

'] 

[J 

D I' 

r .. 

(] r 
I 

-1 

J 

I. 

Dispersion Estimates 

The amount of noxious gases released to the atmosphere in an explosion 
is not necessarily the amount of gases exposed to the human populatfon. The 
gases disperse in all directions.' They are diluted and propogate outwards 
in a quickly expanding mushroom cloud which is dispersed by wfnd. 

To gain some insight on what levels of noxious gases would be 
encountered by the population, Turner's Workbook of Atmospheric Dispersion 
Estimates, U.S. Environmental Protection Agency, is utflized. Turner's 
Workbook calculations are at best, estimates. Many variables are present 
which are situationa1 and thus will. vary each time a detonation is 
conducted; different emission rates for different types of explosives, 
different types of emis~ions for different types of explosives, changing 
meteorological conditions for each detonation, different topography at 
detonation sites, and many other variables Turner illustrates. 

The exarples presented in this section will estimate ground 
concentrations of three noxious gases,nitrogen oxides (NOx), hydr()gen 
cyanide'(HCN), and carbon monoxide (CO)., at four kilometers from the 
detonation site. The examples assume the following: 

1. The downwind distance is 4 km. 
2. The effective emission height is 100m. 
3. '. The surface wi nd speed at 10 meters is 3m/sec. 
4. Concentration is along the centerline of the cloud. 

These assumptions are estimates of a "typical" condition. Each 
detonation will encounter totally different values. The variables are too 
dependent on weather condit'ions and other changing parameters to place 

I 

concrete values. 
The emission rate for carbon dioxide, hydrogen cyanide, and nitrogen 

oxides ar'e taken from the Aerothenn calculations found in Table 6 of the 
Theoritical section. 
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GAS' 

Carbon Dioxide (CO) 
Hydrogen Cyanide (NCN) 
N~trogen Oxides (NOx) 

Moles Produced/kg TNT 

13.26 
1.616 x 10-2 

7.677 x 10-3 

Sutton's equation (Re: Workbook of Atmospheric Dispersion Estimates) 

Where: X = concentration, gm/m3 

Qt = total mass of the release gm/sec 
H = effective emission height = rOOm 
u = mean wind speed = 3m/sec 
t = time = 136 sec = 30 sec cloud formation + 1333 sec travel time 
r= dispersion statistics following the motion of the expanding 

puff 
(j't = horizontal dispersion coeffient = 120m 
u; = lateral dispersion coefficient = 120m 
~ = vertical dispersion coefficient = Sam 
x = downwind distance = 4 km = 4000m 
y = lateral distance = 0, assume centerline concentration 

* From Table 5-2, Turner1s Workbook of Atmospheric Dispersion Estimates, 
neutral conditions. 
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Assume 500 pounds TNT deton~t1on 
500 lb x 4.54gm = 2.27xl05 gm 

. 16 

Qt Values 
~ . 

CO: 13.26 moles CO produced/l000gm TNT 
28 gm/gm rno 1 e CO 

13.26 moles CO x 2.27 x 105 gm TNT x 28 gm CO = 8.428 x 104 gm CO 
1000 gm TNT . mole CO J 

HCN: 1.616 x 10-2 moles HCN produced/1000 gm TNT 
27 gm/gm mole HCN 

1.616 x 10-2 mo]es HCN x 2.27 x 105 gm TNT x 27 gm HCN = 99.04 gm HeN 
1000 gm TNT . mOle HCN 

NOx: 7r697 x 10-3 moles NOx produced/lOOO gm TNT 
30 gm/gm moleNOx using NO as the basis 

7.677 x 10-3 moles NOx x 2.27 x 105 gm TNT x 30 gm NOx = 52.42 gm NOx 
100 gm TNT mo 1 e NOx 

Sutton's equation for CO: 

x (,( o· H) :. 2. (s. ~L~L)( /0") r_l. (4000- '3(;I'31,3))'&.J e.w [_.L,( !£.O. )1.l 
,y.) (21r)~(17.0)(t20)(50) e.)(P L 2 1'20" ,p Z I%,0 J 

elCp [-~ (~oYJ 
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elCp (-t (-&o)Z ] 

Sutton's equation for NOx: 

As noted above, considerable carbon monoxide may be present but very little hydrogen 
cyanide or nitrogen oxides. Two factors must be considered in this analysis. One, 
Turner's Workbook is an estimation process dependent on many fluctuating variables. ( 
Second, the amounts of noxious gases were taken from one source of this study. As noted 
before, the study's sources do not reinforce each other. They are all different. 
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Toxicology , 

'''l~ 

With the open detonation phenomena, there are two major areas of 
concern. First, highly toxic gases that are possible after-detonation 
products must be carefully analyzed. Secondly, since the explosive is to be 
detonated in the open; s011, dust, rocks, and miscellaneous debris may 
become airborne. These particles may drift in air currents and the tiny 
ones may be inhaled by people many miles from the detonation site. 
Therefore both of these cases will be discussed. 

/ 

Toxicity of Carbon Monoxide (CO) 

The most dangerous gases and vapors are those which have a delayed 
action. They enter the' lung without interference. This is pbsslb1e slnce 
these gases are not marked by an irritant action on the upper respiratory 
passage or by a powerful odor. Carbon monoxide is such a gas. It is 

I 

odorless, colorless, and tasteless gas which enters the lung undetected by 

the individua1.8 
The solubility of irritant gases determines how the gas attacks the 

body. Easily soluble gases attack the upper airways since they are 
dissolved by the aqueous areas in this region. Insoluble gases pass the 
upper airways and settle into the very sensitive bronchioles and alveoli. 
Carbon monoxide being a nonirritating gas produces no action in the airways, 
bronchioles, or alveoli but rather is capable of entering the bloodstream 

,and damaging many areas of the body. Carbon monoxidefs cap~ble of this due 
to its solubility and chemical affinities. 

The toxic and lethal effect of carbon monoxide are due to one time 
exposures of very high concentrations in confined spaces for a duration of 
several hours. These lethal concentrations are usually above 500 PPM. The 

current threshould limit value is 50 PPM. 

8 C.p, Stewart and A. Stolman, ItToxicology Mechamisms and Analytical 
Methods, Ac~demic Press, New Yorl< (1964) 
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Tc»tic1ty of Nitrogen Oxides (NOx) 

Ni trogen oxi des are rel atively inso1 ub1 e. They therefore pass through 
the upper airwayis and attack the very sen$itive bronchioles and alveoli. 
This injury to the bronchioles and alveoli result as incapacitating gas 
exchange., 

Nitrogen oxides are relatively more toxic than carbon monoxide. The 
threshold limit value for nitrogen oxides is 5 PPM. 

Toxicity of Dust Particles 

The tox i city of dust is centered around thejfi broti C ,changes produced 
in the 1 ung by dListscontaini ng s11 iCa. Most toxicity data and literature 
almost exclusively studies the pulmonary disease kno':ln under the general 
term pneumoconiosis. In particular, silicos1s is the most popular. 

Particles larger than 10 microns in diameter are filtered in the nasal 
cavity. These particles are removed from the tracheobronchial tree by 
cllary action. Particles in the 1 to 3 micron diameter remain suspended in 

the air flow and pass through the bronchioles into the alveoli. It is this 
I very sensitive area where problems can occur. 

Chronic pulmonary disease is generally a result of long-term exposure 
to toxic dusts. Generally, a length of time in excess of 20 years is 

encountered before the disease becomes symptomatic.9 

For inorganic dust there are generally no harmful side-effects. The~e 
is no fibrosis, physical impairment, or disease. The only major side-effect 
is increased mucous formation and mucous gland formation. This is the case 
expected in applications of open air detonation. However, if a large amount 
of silicone exists, problems may arise but only after continuous exposure 

. of long (years) durations. 10 

9 Morton M Ziskind, M.D., "Occupationa1 Pulmonary Disease ll
, Clinical 

Symposia, Volumes ~ Number 4 (1978) 

10 Patty's "Industrial Hygiene and Tox;coloyg" 
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GasP'ormation 

'\' 

Carbon Monoxide (CO) Formation 

Carbon monoxide is a result of incomplete combustion of carbonaceous 
compounds. Carbon monoxide is a stable molecule even though both the carbon 
atom's and oxygen atom's outer electron shell is not always filled with / 
eight electrons. 

Carbon monoxide is relatively unreactive at atmospheric conditions (25 
c and 1atm) but becomes very reactive at high temperatures. Carbon 
monoxide at high temperature behaves as an unsaturated molecule and acts as 
a very powerful reduci ng agent. 

There are several possible reactions of carbon monoxide at high 
temperatures. These hi gh temperatures are possible and condi tions may be 
suitabl~ when TNT or other explosives ar~ detonated. The reactions are: 

a. 2CO~C + C02 + 162KJ/mol In presence of a catalyst 
(palladium, iron, or n1ckle) 

\ 

\ b. 2CO + 02 .. 2C02 + 565KJ/mol Case of burning 
c. CO + 02 .. C02 + o + 33.5KJ/mol 
d. CO + H2O .. C02 + H20 + 41.9 KJ/mol 
e. CO + 03 .. C02 + 02 + 423 KJ/mol 
f. CO + N02 -- C02 + NO + 226KJ Imo 1 

:so 
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At normal conditions, reactions a thru f do not occur~ However, the 
pressures and temperatures associated w1thexp10sive detonation may be 

,.: sufficient to allow these reactions to occur. There must be sufficient 
, energy available to overcome the high activation energy barriers. 
, :,' -

Nitrogen Oxides (NOx) Formation 

When ordinary air is heated from 1500 to 2000°C, the nitrogen and 
oxygen molecules may decompose and recombine to fonmnitrogen oxides. If, 
allowed to cool slowly, these nitrogen' oxides break apart and recombine to 

form the original nitrogen and oxygen molecules. In a detonation, the very 
rapid generation of he(lt and variable cooling rate may leave nitrogen oxides 

frozen. 
The size and type of explosion is a major factor concerning whether the 

NOx molecule remains fro~en or is able to decompose and return back into 
the or~gina1N2 and 02. 
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Problems with Scale-Up 

I 

In several pl aces in the 1 iterature, the idea of scal e-up was 
discussed. In general, the resul ts from a small scale test can not be used 
to accurately predi ct a 1 arge scal e detonati on. Al so, test1 ng in closed 
vessels does not accurately predict open tests. 

Dr. Cook and the Bureau of Mines stated the problem oftr¥ing to 
associate 1 aboratory work to 1 arge scale open air detonations. The 1 ab work 
gives guidance but is not a substitute, for actual tests. 

Burl ington and Pantexstated that nitrogen oxide fonnation is very 
dependent on temperature and cool ing rate and therefore small scale tests 
may not accurately duplicate large scale tests. 

In the 1 argescal e tests by Meteorology Research Inc., several 
discrepancies were noted. Hydrogen cyanide was a product in small scale 
tests but not in large scale TNT detonations. Carbon monoxide, amonia, and 
methane are in concentrations above that predicted by small scale tests. 
Ethane, propane, butane, 1-butene, and benzene were present in large 
detonations but not small. Small scale tests are no substitute for direct 
in field APpl ication tests. An increase in charge size may effect the 
oxidation of primary reaction products. 

A major discrepencyin correlating data from closed vessel tests to 
open air is the factor of side reactions. Ina closed vessel, molecules can 
bounce off the wallS, collide with other molecules, and fonn additional 
molecules. This phenomenon is reduced in the open. In the open, the 
frequency of coll ision is reduced and thus the or;ginal detonation products 
diffuse outward relatively unaltered. 

The .notion of scaling a small detonation to one many magnitudes larger 
is seen to be impracticable. Small scale experiments can help predict the 
types of gaseous by-products produced. However, you cannot extrapolate data 

from 1-2 pound detonations to 1-2 ton detonations and accurately place 
quantitative parameters on the by-products. 
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Economics 

The major al ternative to open ai r detonation of muni tions 15 to cut the 

bomb or projectile into serviceable p"jeces and incinerate them. The 
Directorate forAl1I11unition Equipment has designed a projectile saw and the 

Explosive Waste Incinerator (EWI) for such a ~ituati9n. 
The current installed cost of this system, projectile saw plus the EWI, 

.. is $1.7 million. In addition, operating costs are $345,960 per year. Table 

9 lists the costs by item. 

TABLE 9 

OPERATING COSTS OF THE [)(PLOSrVE WASTE INCINERATOR 

ITEM 

Operating Personnel (EWI) 4 
Operating Personnel (Projectile Saw) 2 

Container Replacement 
Electricity, 54 KW/hr at $0.04/KW/hr 

Fuel Oil, #2 12 gal/hr at $0.818/gal 

Maintenance (25 yr. life) 

COST/HR 

$26.00 

2.16 

9.82 

a. Projected on 250 day operation at 8 hrs per day. 

COST/YRa 

$208,000 

$104,000 

5,000 

4,320 

19,640 

5,000 

$345,960* 

*Does not include utility and maintenance cost of projectile saw~ 

Open air detonation requires the use of existing detonation grounds and 

special ized personnel. At Tooel e Army Depot, the demol ition range runs with 

4 operating personnel and 1 supervisor. Projecting dn 8 hour day and 250 
day year, personnel cost is $260,000 per year. 
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The cost of projectll e saw/EWI system may be to steep forind1vidual 

,.>installation ' s budgets. A capital equipment cost of $1.7 million and an 
:f";' '.J. . operating cost that exceeds open air detonation by over $85,000 a year is a 

';)dlarge price to pay. In addition, a current study indicated that 5'£ of 

., 

Department of Army Readiness Command (DARCOM)· energy use age was for demil 
operations. This energy use could be alleviated with the continuation of 

open air detonations. This is a real savings in both money and energy use. 

The projectile saw/EWI system is a feasible though costly al ternative 

in most applications of open air detonation. However, this system is not a 
total substitute. The ArmY inventory consists of several types of munitions 
for which the projectile saw/EWI system is not well suited. In addition, 
some munition's demil is beyond present day technology. Examples of these 
problem munitions are cluster bombs and some hazardous munitions in which 
additional handling is not safe. The design of systems to handle these 
types ~fmunitions would be astronomical with present state-of-the-art 
technology. Therefore, economics and safety criteria require some 
contin~ation of open air detonation even ,if the projectile saw/EWI system 

were readily available and util i zed. 
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Experiment 

, After conducting an extensive literature search and s1mulating a 
': detonation on a computer, the final task was to go into the field, conduct 

experimental detonations, and performextens;ve gas analysis on the after 

detonation by-products. 
There are four major reasons for an eXperimental follow-up to the open 

detonation question. First, the theoretical data already presented is a 
good base to work on but is no substitute for actual in-situ detonation and 
subsequent an~lysi s. Secondly, the 1 iterature search reveal ed that most 
work was in a total laboratory environment with very little correlation to 

an open environment. Third, most data found in the literature search 
indicated vast discrepancies 1n the quantity and sometimes types of gaseous 
after-detonation by-products produced. Experimentation needs to be 
conducted to estab 1 ish reproduceab 1 e data on the types and quanti ties of 

gases produced.' A degree of confidence needs to be establ ished so that a 
future environmental impact can be assessed. Finally, since scale-up 
presents problems and very litle work 11as been done in this field, 
state-of-the-art technology and expertise needs to be developed so that 

actual 1 arge seal e detonations may be performed and competently analyzed for 
gaseous by-products. 

Background 

To conduct this experiment" a suitable area for detonation needs to be 
located. Present state-of··the-art technology in gas capturi ng techn; ques 
prohibited actual open air detonations. To facilitate gas capture, a closed 

vessel was used but the charge size was appointed that would "simulate" open 
air. 

The Explosive Containment Cell (ECe) (see figure 6) was chosen as the 
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experimental vessel. Th is vessel allowed control of detonation and gas 

collection. 

1". ',"' 
A minimum of 5001 excess air was present in the ECC for each 

experimental detonation. The val ue of 500% was arbl trarily chosen as a 
r~presentation of "open ai r" • This gave at least an attempt to iii.. 

, experimentally approach the type of work for which the study is designed, 

. namely open air detonation of explosives. The value of 500% was felt to 

adequetely imitate the infinite dilution effect of detonating explosives in 
the open. See Appendix A for charge sizing. 

The experiment was conducted in two major phases. The first phase 

consisted of four preliminary detonations to test the equipment and to 
insure pressures and temperatures generated by TNT detonations did not 

exceed the equipments I 1 imits. The second phase consisted of seven 
detonations, one of 75 grams and six of 100 grams, in which generated gases 

were collected and analyzed. For a description of the experiment set-up, 
see Appendix B. 

This experimentation site is contl'olled from a control trailer 
approximately 100 yards Jrom the ECC. The solenoid valve and blasting cap 

are controlled from the trailer. The j>ressure transducers and thermocouples 
are monitored by recorders, in the control trailer (see figure 7). 

Experimentation 

The first phase experiments were conducted to insure the pressures and 

temperatures encountered would not hurt any equipment. Also, equipment 
famil iarization would be obtained by operating personnel. The pressures 

encountered did not exceed 12 psig and temperatures went to equilibrium at 
250°F inside the ECC. The solenoid valve encountered 16 psig pressures ~nd 

ambient temperatures. TNT detonations of 100 gram5 did not have any adverse 

effect on the equipment. 

I n the fi rst set of tests of phast~ two, two different amounts of TNT 

were detonated; 100 grams and 75 grams. The TNT is a nonuniform mechanical 
mixture of powder, granules, and pellets. The charge is initiated by an M-6 
military blasting cap (see figure 8). The solenoid valve was closed and a 

vacuum pump evacuated the stainless st(~el collection vessel and the copper 

hookup 1 ine from the collection vessel to the solenoid valve. ' Two seconds 
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,:,after detonation, the, solenoid valve was opened and a sample of gas was 
i c6l1ected. The collection vessel (see figure 9) was then sealed and sent to 
/the Analitical Chemistry Department at Brigham Young University in Provo, 
'Utah. (For analytical work see Appendix C);, 

,f . The sol enoi d val ve was opened two seconds after detonation. It was 
postulated that a representative sample could be obtained from the 
detonation wave as it propagated outward. The idea of collecting gas from 
the detonation wave also would help the problem of try1ng to simulate open, 

, air detonation in a closed vessel. By capturing theinithl gases, the 
theory of recombination of activated molecules in a closed system was 
all evi,ated. Equ111bri um is postul ated as non-existent in the open air and 
thus the experiment was not allowed to go to equilibrium. 

These first two experiments were slightly unsuccessful in that the 
analytical work picked up little change from ambient air. Theory predicts 
several bY-Prroducts not discovered. ' The idea Qf picking up only t~e 
detonation wave gases seems, invalid. Therefore, the second set of 
experiments involved gas collection two minutes after detonation so that a 

good sample can be collected. 
The second set involved three 100 gram detonations of TNT. One 

detonation was initiated by the M-6 military blasting cap. The other two 
detonations were initiated by smaller commercial blasting caps. 

The cOlllllercial blasting caps initiated a low order detonations which 
were not sampled. The detonation initiated by the M-6 military blasting cap 
went high order and a gas sample was collected by opening the solenoid valve 
two minutes after detonation and allowing the gas to fill an evacuated 

stainless steel collection vessel. 
Again, the ana1ytica" wot'k' indicated a sample which did not conform to 

theory. However, the da ta was better' than the fi rs t set of experi ments. 
Fora detailed discussion of the analytical work, see Appendix C. The 
method of collection was discussed by Ammunition Equipment Directorate 
personnel and Bri gham Young Un; versi ty personnel. The sampli ng techni que 

was changed for the thi rd set of experiments. 
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In the third set of experiments, two 100 gram charges were detonated. 
Analysis was conducted using the Matheson Kitagawa precis10n detector tubes 

;;.~,nd Drager gas ana1ys1s tubes. Two minutes after detonation of the charge, 
the solenoid valve was open, and a gas sample was collected in the stainless 

;.:\\~J.. _ ' ., '1! 

iisteel collection vessel. The closed end of the,collection vessel was opened 
,'I,;:' .' 
",and a sample was drawn through the detector tubes (Matheson Kitagawa or 
~'\' ~ I- • 

:::::,Drager) • 
.r;:'· 
l~{ 'I 

J,'O. 

1iCo~cl usion 
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The complete results of the experiment can be found in great detail in 
',Appendix C. Again, these results do not align themselves with literature or 
'computer val ues. The experiment had several sampling problems associated 
with it which were gradually worked out. However, actual large scale 
'detonation analysis should be the next step in the goal of obtaining' a final 

resolution to this problem. 
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CONCtUSION 

The qualification and quantification of after detonation gaseous 
by-products of Trinitrotoulene(TNT) is seen to be a controversial subject. 
Each source of information presents different amounts of gases produced and 
in some instances, different types of gases produced when TNT is exploded. 
In most cases, the,determination of,after detonation gaseous by-products was 
conducted in a laboratory environment or a very controlled experiment. The 
correlation of laboratory work with in-situ detonation is not very 

dependable. 
The use of scale-up from a hundred grams to several hundred pounds is 

not appl icable in this si tuation. Detonation products depend on may factors 
such as loading density, method of initiation, confinement, the chemistry of 
the surrounding media, and the gas expansion characteristics. Each one of 
these parameters change when in-situ detonation is used instead of 
1 aboratory work. 

The dispersion calculations indicate that a high concentration of 
carbon monoxide may be encountered from a 500 pound detonation. An 8000 ppm 
value was calculated. This is well above any standards established by the 
Environmental Protection Agency. However, several considerations require 
contemplation. First, the dispersion calculations are rough estimates. The ( 
formul a's varhbl es were estimated assumi ng a "typical" day and strai ght 
line dispersion. The amount of carbon monoxide produced was taken from one 
source, the Aerothenn program, which was considerably higher than most of 
the other predictions. Secondly, with the temperatures and pressures 
encountered in 1 arge detonations, carbon monoxide may combine wi th oxygen, 
water, ozone, or nitiric oxide to produce carbon dioxide as illustrated in 
the gas formation section. Finally, if 8000. ppm of carbon monoxide were 
encountered, the exposure to a single human being would be very short 

in duration. Health problems and death from carbon monoxide poisoning 
occurs after continuous exposure for several hours of high concentrations. 
The values calculated for dispersion should be an in'dication that problems 
may exist but no concrete evidence is presently ,available. Continued study 
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is necessary but it is believed that health impacts are very slight. 
Nitrogen oxide and hydrogen cyanide dispersion calculations indicate no 

problems will exist. Again, these are rough estimates and with the 
, , 

temperature and pressure encountered in large detonations side reactions may . 
alleviate nitrogen oxide and hydrogen cyanide formation. 

The experiment attempted to simulate an open air environment and 
develop sampling techniques. However, the premise of the study was small 
scale, 100 grams. It presents some very valuable background information but 
is no substitute for actual large scale tests of the magnitude that future' 
open air .demil operations will work under. 

It is recommended that a follow on large scale study be developed. 
This stuqy positively indicates that there would be an excellent probability 
that such a large scale program could provide convincing evidence that 
heal th effects are nil from detonati on of TNT and Comp B f111 ed items on 
properly controlled demolition ranges. This evidence would pave the way for 
EPA and state environmental authority a9reements to permanently sanction 
specified large scale open air demilitarization. 
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APPENDIX A 

Sizing of TNT' charge for Open Air Detonation Study 

TNT (trinitrotoluene) C7HSN306 

Assume TNT decomposes according to equation 1: 

(1) C7HSN306 + 8.2S02 --.. 7C02+ 2.SH20 + 3N02 

Air: . 79%N2 and 21% 02 
Density of air = 1220 gm/m3 
Volume of ECC = 113 ft3 
Change ECC volume from ft3 to m3: 

(2) 113ft3 x .02832 m3 = 3.20m3 
. - ft3' 

Number of grams of air inside ECC: 

(3) 12;~ gm x 3.20 m3 :: 3904 gm 

N2: molecular weight = 28 

~~~ ._---_._-_._,---_.-----

02: molecular weight = 32 
Air: molecular weight:: .79 (28) + .21 (32) = 28.84 
Number of moles of O2 in ECC: 

(4) 3904 gm x .21 = 28.434 gmole 02 
28.28 gm/gmole . 

Need 8.25 9 moles 02/9 mole TNT (see equation 1). 
Molecular weight of TNT = 227 
Want minimum of SOO% excess 02' 

(5) 8.25 (6) = 49.5 9 mole 02/9 mole TNT 
Let x = amount of TNT in 9 moles 

(6) 49.5 x = 28.4 
x = .57 9 mole TNT 

(7) .57 9 mole TNT x 227g :: 130 9 
9 mole TNT 

Assume 80% atmosphere at elevation of Tooele, Utah (SOOO ft) 

(8) 130 9 (.80) = 104 9 = .23 lb TNT maximum charge size. 

Al 
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APPENDIX B 

The experiment was conducted in an Explosive Containment Cell (ECC). 
The ECC is a totally enclosed 6 ft. diameter sphere made of 1 inch steel. 
Figure 6 on page 35 is a photograph of the ECC. 

Two major problems eX'isted 1n thh experiment. One was how to collect 
the after-detonation gases and the second was to insure the equipment could 
withstand the temperatures and pressures encountered. To capture samples of 
after-detonation gases, a "til copper fixture was made with a hook-up to a 
stainless steel collection vessel (see figure 9 on page 40) and an 

. electrically controlled solenoid valve at the "t" cross (see figure 10). To 
monitor the pressures and temperatures encountered by the collection vessel, 
a thermocouple and pressure transducer were placed in the arms of the "t" 
fixture. These indicators gave the conditions of the gas samples. The 
pres sure transducer was a BLH D-H 0-35u ps i 9 SIN 40495 (see fi gure 11). The 
thermocouple is shown in figure 12. To monitor the explosion, a Kistler 201 

84 0-200 psig SIN 285 transducer was placed in a fitting atop the ECC (see 
figure 13). In addition, a thermocouple was suspended inside the ECC. 

The TNT was suspended by a "y" cable fixture so that it was 
approximately in the middle of the ECC (see figure 14). The stainless steel 
collection vessel and the copp,er tubing connection to the solenoid valve 
were evacuated-by a vacuum pump. The TNT is' detonated by an electric 
blasting cap and the solenoid valve is electrically opened a specified time 
after the TNT detonation. 

Bl 
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KISTLER 201 B3 PRESSURE TRANSDUCER 

Figure 11 
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I NTRODUCTI ON 

The objective of this study was to determine the composition of the 

combustion gas resulting when one-hundred grams of trinitrotoluene (TNT) wertt 

detonated in a simulated open-air explosion. Essentially, three different 

methods were'used to identify and to quantify the components of the combust

ion gas. For samples which were transported to our laboratory, both mass 

spectrometry and gas chromatography were employed. Mass spectrometry was used 

to identify possible constuients while gas chromatography was used to quant

ify the various components. In addition, gas analysis tubes were used to do 

selective component identifications and quantifications in "on-site" 

analyses. This report briefly outlines the methodology used for these 

analyses and describes the results which were obtained. 

EXPERIMENTAL 

Mass spectrometry was done using a Hewlett-Packard 5982 mass spectromet

er coupled to a 5934A computer. A small amount of sample gas was slowly 

leaked into the ion source of the mass spectrometer through the direct"probe 

inlet valve. A mass range of 10 to 200 a.m.u. was scanned at 5 AID measure

ments. The pressure in the ion source was raised to 1-2 x 10-6 torr with 

the sample gas. 

Two gaS chromatographic systems involving different columns were used. 

In both cases the columns were appropriately mounted in a Hewlett-Packard 

57l0A gas chromatograph equipped w.ith a thermal conductivity'detector (TCD). 

2000 microliters (2.0 milliliters) of sample gas were withdrawn through a 

septum from the sample cylinder with a gas tight syringe and injected into 

1 
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the gas chromatograph. In some instances 250 microliter samples were in

jected so only the major components were observable. The gas chromatograph 

waS temperature programmed from 200e to laOoe at 160e per minute. The oven 

was held isothermal at 200e (required sub-ambient operation) for four minutes 

prior to ramping the temperature after the'injection. 40 ml/minute of 

helium was used as the carrier gas in both the analytical and reference col

umns. For maximum sensitivity the TeO current was set to 340-350 rnA and the 

attenuation was adjusted to one. When smaller samples were injected the TeO 

current was set to 135 rnA and the attenuation to four for less sensitive 

operation. 

The first chromatographic system consisted of an eight foot by one

eighth jnch Carbosieve Scolumn (Supelco). This system provided good 

separation of oxygen and nitrogen as well as carbon monoxide. carbon dioxide, 

and water. The nitrogen compounds. however. are irreversibly adsorbed •. 

A description of this system and a chromatogram showing the compounds it 

separates is shown 1n Figure l-A (1). The second system consisted of an 

eight foot by one-eighth inch Porapak Q column in series with a Porapak R 

column of the same dimensions •. This system effectively allowed the N20 

and the N02 to be chromatographed. However, the NO was not resolved 

from the !lair" peak. A description of this system and the compounds it 

separates is found in Figure 1-8 (2). 

The signal from the chromatograph was digitized and integrated with a 

SpectraPhysics Autolab Min'igrator. The absolute units obtained for each· 

peak in a chromatographic run were multiplied by the response'factor for 

that compound, the total units for each run summed, and the relative percent-

age of each component calculated. In some instances, parts~per~million 

(ppm) were calcuiated rather than percentages. The response factors were 
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calculate~ (3) and in some instances estimated (4) from published work in .. 

,vo1ving the analysis of similiar permanent gas samples. 

The on-site analyses were done using Matheson Kitagawa precision 

detector tU.bes and Drager gas analysis tubes. Combustion gas was drawn 

through these tubes according to the directions of the manufacturer by 

connecting one end to the sample cylinder and the other end to a one-hundred 

milliliter air pu~p. The concentrations of the specific gases were then 

obtainable directly by reading the color response from the calibrated tubes. 

RESULTS AND DISCUSSION 

The mass ~pectrum of gas sample #1 is shown in Figure 2. Table 1 lists 

the absolute abundance of all ions found during the mass spectral scan. The 

ions responsible for these masses are also listed. The major components were 

mle of 28 (N2), 32 (02), 40 (Ar), and'44 (C02), Some water vapor as well as 

monatomic nitrogen and oxygen were also present. The argon arises from 

background contamination of room air in the instrument as attested by a 

"blank" mass spectrum. The mle of 34 can not be directly related to any 

known species, but 1s probably an intermediate formed 1n the ion beam. The 

mle of 17 could possibly be attributed to ammonia (NH3), but specific analysis 

for NH3 (on a different, but similiarly obtained sample) using a gas analysis 

tube (Drager tube CH 20501) which has a detection limit of 5 ppm failed to 

detect any NH3• 

The absolute abundance of the ions in Table 1 was not used to calculate 

quantitative concentrations for the species since the mass spectrometer 

response factors were unobtainable .. Rather, the gas chromatographic analyses 

were u~ed for these quantitative measurements. Components were identified 

on the gas chromatograph by comparing retention indices to thosaoptainable 

" 
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from Figure 1. 

The results of the low sensitivity gas chromatographic analyses of 

sample #1 are listed in Table 2. The data obtained from both the Carbo

sive and Porapak columns are shown. (The calculations used in obtaining 

these data and all other gas chromatographic data are .inc1uded as an 

appendix to this report). As would be expected, oxygen and nitrogen were 

present in the highest concentration. There ratio is different than that 

of normal air (c.a. 80% N2 and 20%02)' however, suggesting that either 

the 02is depleted or that the N2 is enriched. Actually, both factors are 

probably significant. One would certainly expect that the 02 would be de

pleted during the detonation, and also that molecular N2 would be produced 

during the oxidation of TNT. The carbon dioxide and water are also expected 

products of combustion. 

In addition to the expected products of complete combustion~ several 

additional components were identified and quantified. The results of the high 

sensitivity analysis of sample #2 are given in Table 3. The major com

ponents (02' N2, CO2, and H20) have slightly different concentrations than 

were obtained on sample #1. These differences, while not significant, 

are probably sample oriented or due to a slight change in the linearity of 

the instrument when operated at extended sensitivities. Although the CO 

concentration is not much less than the H20 concentra.tion it was not observ

able at lower sensitivities because it has a large response factor. That is, 

an equal amount of CO does not give ,3S large of a detector response as doe's 

H20. The presence of the NOx compounds is not at all surprizing, either. 

As determined from the gas analysis tube analyses, NO (discussed below) was' 

also present and evidently eluted with the Itairlt peak on the Porapak columns. 

7 
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TABLE 2. 

Low Sensitivity Analysh(Sample Ill). 

Component 

o 2 

Carbosieve Column 

Relative Percentage 

11. 55 i: 0.63 

86.20 i: 0.35 

2.25 oJ: 0.28 

Porapak Columns 

[

11.62 oJ: 0.64 

98.36 t 0.03 
86.74 t 0.64 

1. 54 oJ: 0.01 

0.11 i: 0.00 

/ 
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'TABLE 3. 

High Sensitivity Analysis (Sample #2). 

Carbosieve Column 

Component ' Re 1 a ti ve Percentage 

O2 8.89 ± 0.09 

N2 88.28 t 0.22 

CO2 1.88 ± 0.27 

H2O 0.72 ± 0.12 

CO 0.23 t 0.05 

Porapak Columns 

air 97.79tO.13 

1.39 ± 0.07 

0.77± 0.03 

64 ± 8.4 ppm 

, 193 ppm 
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The data obtained from the on-site analyses of sample 13 using the gas 

analysis ·tubes are given in Table 4. Both the N02 and CO2 concentrations are 

significantly lower than those obtained by gas chromatographic analysis. The 

possibil ity that the gas chromatographic obtained concentration of N0
2 

being· 

too high is a possibility, but certainly not for the concentration of CO2• 

Several independent gas chromatographic analyses of different samples (1&2·) 

on two different systems (Carbosieve and Porapak) all yielded consistent 

results which were higher than those obtained with the gas analysiS tubes. 

Consequently, the data obtained from the gas analysis tubes must be considered 

as the mininum limit with the possibility of a higher concentration existing.· 

HCN is a possiole combustion product and was verified to exist in low 

concentrations. Care was taken that the resul ts of the gas tubE!' ana1yseswere 

not misinterpreted due to interference compounds. 

TABLE 4. 

Gas Tube Analysis (Sample #3) 

Component Concentration 

N02 12 ppm 

NO 80 ppm 

0.2 % 

5 ppm 

CONCLUSION 

Combining the data from Tables 1-4, an average composition of the 

combustion gas samples has been tabulated in Table 5. 

10 
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TABLE 5. 

Averaged Composition, of Combustion Gas 

Component Concentration 

N2 87.22 % 

O2 10.22 % 

t02 1.77 % 

H2O 0.53 % 

CO 0.23 % 

N02 193 ppm -W0" 

* NO 80 ppm 

N20 64 ppm 

* HCN 5' ppm 

H2 4 ppm 

m1ninum level 
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SINGLE MANAGER FOR CONVENlmNAL AM.MUNITION 

AMMUNITION STORAGE LOCATIONS 

SAVANNA 

SIERRA ----

HAWTHORNE 

SENECA 

LEX1NGT~ BLUE GRASS. 

P JNEBLUFF ARS ANNISTON 
ARD 81-0212 

• UNDER COMMAND OF' US ARMY DEPOT SYSTEMS COMMAND 

• UNDER COMMAND OF' US ARMY ARMAMENT MATERtEL READINESS COM.MAND 

Figure 9~1. Ammunition storage locations. 
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Depot 

ANNISTON AD 

CRANE 

FORT WINGATE DA 

HAWTHORNE AAP 

LETTERKENNY AD 

LEX BLUE-GRASS 
ADA 

MCALESTER AAP 

NAVAJO 

- -~- -- -~ ~ -

I~~~ ~~~, 
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Table 9-1. DESOOM and ARRCOM Capabilities Summary 

Washout 
capabilities 

Deactivation 
capabilities 

1 APE 1300 OPERATIONAl 2 APE 1050 POPPING 
FURNACES 

1 APE 1236 W/APE 
1276 

1 EACH NON-STANDARD 2 DEACT FURNACE 
STEAMOUT W/O POLLU- W/AP CONTROL 
TION CONTROL 

1 EACH WASHOUT PLANT. 
NO POLLUTION CON
TROL REQUIRED 

1 SMALL PRIMER 
-POPPING FURNACE 
W/AP CONTROL 

1 APE 1300 REQUIRES 1 APE 1236 WIO 
REFURB, WATER APE 1276 
TREATMENT AND CHAR-
COAL FILTER 

1 NON-STANDARD 
LARGE ITEM 

1 NON-STANDARD TO 
750 LB 

APE 1300 W/O CHAR
COAL FILTER 

APE 1300 W/PA 

2 EACH NON-STANDARD. 
NO PA REQUIRED. 

INOPERABLE 

2 DEACT FURNACE 
W/O AP CONTROL 

APE 1236 W/APE 1276 

APE 1236 W/APE 1276 

DEACT FURNACE WITH 
APE 1276 

APE 1009 W/O APE 
1236 FY81 
INST PLANNED 

Detonation 
capabilities 

Open J:)urn:ing 
capabilities 

22 SITES 15 LB ABOVE 4 SITES; 1 CAGE 

6 SITES 10, 000 BELOW 50 LB EACH TID 
WI10 FEET EARTH 
COVER 

79 SITES 500 LBBELOW 2 LARGE SITES _ 
NO RESTRICTIONS 

8 SITES 5, 000 LB . 
ABOVE/10,000~LB 
BELOW 

5 SITES NO CAGES 

10,000 Ib 

10 SITES, 3,000 ABOVE 2 SITES -
NO RESTRICTIONS 

14 SITES 20 LB ABOVE/ 3 SITES 6 CAGES 
150 LB BELOW 

4,000 LB SMOKELESS/ 
SITE 

30 SITES 50 LB BELOW NO O.B. EXCEPT BY 
W/6 FEET EARTH, PERMIT 
100 LB W/7 FEET 
EARTH 

10 SITES 150 LB WI 
4 FEET EARTH 

14 SITES 5,000 LB 
ABOVE/I0,OOO LB 
BELOWW/6 FEET 
EARTH 

OPEN AREA RESTRICTED 
UNTIL CAGES ARE 
MANUFACTURING 

1 SITE W/CAGE 
14 SITES - .OPEN PIT 

• 

-

I 

I 



1 __ , " 1 , __ , --_._-

Depot 

PINE BLUFF 

PUEBLO 

RED RIVER 

SAVANNA DA 

SENECA AD 

SIERRA AD 

TOOELE AD 

UMATILLA DA 

r-, ~ 

Table 9-1. DES COM and ARRCOM Capabilities Summary-Continued 

I Washout Deactivation Detonation 
capabilities capabilities capabilities 

. CHEMICAL ITEMS ONLY 1 DEACT FURNACE WI NONE . SCRUBBER 
1 CHAIN GRATE FURN 

W/SCRUBBER 
1 FLUID BED INCINER-

ATOR W / SCRUBBER 

APE 1300 AP UNKNOWN ~PE 1236 W/APE 1276 14 SITES 50 LB ABeVEI 
4,000 LB TO 20,000 
LB BELOW 

APE 1300 W/O AP APE 1009 WI APE 1276 4 .STTES100 LB AOOVEI 
2 APE 1236 W/APE 3,000 LB BELOW 
1276 (NOT OPERA-
TIONAL) 

1 APE 1300 W/O AP 1 APE 1236 W/APE 1 SITE 25 LB ABOVE/ 
1276 500 LB BELOW 

NONE 1 APE 1236 W/APE 8 SITES 50 LB ABOVE 
1276 AND BELOW. 

NONE 1 APE 1236 W/APE 14 SITES 10,000 LB 
1276 

APE 1300 W/FILTER 1 APE 1236 W/APE 9 SITES 1,550 LB 
1276 ABOVE/5,000 LB 

BELOW W 18 FEET 
COVER 

1 APE 1236 W/AFTER 10 SITES 100 LB 
BURNER, SCRUBBER ABOVE/10,000 LB 

BELOW W/10FEET 
COVER 

APE. 1300 W/O WATER 1 APE 1236 W/APE 24 SITES 50 LB ABOVEl 
TREATMENT REQUIRES 1276 100 LB BELOW 
BOILER SYSTEM 

WATER TREATMENT 
SYSTEM 

" 
".' -. 

.; 
a::: 

Open burning 
capabilities 

to 
I .... 
c.J 

NONE 
0 ~ 0 
I . ~ .. 

\),) , 
..oJ 
..oJ 

4 SITES 
1 CAGE 

1 SITE HE 50,000 L13 
1 SITE WP 3,000 LB 
1 SITE SMOKELESS 60,000 1 

9 SITES UNSAFE, 
UNSTABLE ONLY 

8 SITES 1 CAGE 
WEATHER CONDITION 
RESTRICTIONS 

2 SITES P&E ITEMS AND 
CONTAMINATED WASTE 
ONLY 

10 SITES 5,000 LB/SITE 
'12 SITES 10,000 LB/SITE 

1 SITE 
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Table 9-2. Conventional Ammunition Demilitarization Facilities and Capabilities 

ANNISTON AIUlY DEPOT 

Disassembly 
facilities 

Bldg 381- 14,578 sq 
ft. 

Center substantial 
dividing wall with 
operational bays. 

Power convey.ors. 
Powder collection sys

tem. 
Full complement of 

APE disassembly and 
breakdown equipment 
(Pull apart, deband
ing, defuzing, hold
ing fixtures and 
depriming machines). 

Bldg 680- 22,246 sq 
ft. 

Center substantial 
dividing wall with 
operational bays. 

Power coneyors. 
Powder collection sys

tem. 

Bldg 171-
Disassembly barricade 

for remote disas
sembly of explosive 
items with 50 Ib 
or less explosive. 

Bldg 179-

Washout 

Bldg 172- APE 1300 
plant. 

Plant is operation.al. 
Requires charcoal 
fil t-er· system. 

Disassembly barricade 
for remote disassembly 
(television) of 
items with more than 
50 Ib of explosive. 

Deactivation 
furnace 

Bldgs 58 &: 59- 12 ,998 
sq ft. 

2 APE 1050 Primer Pop
ping Furnaces (Small 
Arms Ammo). Pollu
tion abatement not 
required. Caliber 
.30 and Caliber 
.50. 

Disassembly, delinking 
decoring, deleading 
machines. 

Power conveyors. 
Powder collection sys

tem. 
Power carloading 

equipment. 

Bldg. 393- 1,451 sq 
ft. 

APE 1236 furnace with 
APE. 1276 Air Pollu
tion System and 
BAG House Tempera
ture Protection. 

Detonation 

22 detonation sites 
with electrical fir
ing system. 

Detonation restric
tions: 15 lb above 
ground; 1,000 lb 
below ground with 
10 ft of earth 
cover during ideal 
weather conditions. 

Open burning 

15 burning sites with 
electrical leads. 

1 burning cage; 50 lb 
net explosive maximum 
to be burned at one 
time. 

Alabama Air Pollution Commission, April 12, 
1978, granted approval to continue the de
militarization .of ammunition items of over 
600 grains explosive at burning grounds 
and demolition pit subject to: 

(1) Burning will be conducted only between 
the hours of 9:00 a.m. and 3:00 p.m. 

(2) Burning will be conducted only when 
t.here is good ventilation. 

(3) If in the future a more suitable tech
nique and/or facility is designed, 
Anniston Army Depot will discontinue 
the current open disposal method 
and.adopt the new technique/facility. 
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. . 

tpl 
~ 

w 
0, 
o 
I 
1»' 
...:J 
...:J 



~, -'-, 
~' 

1.111 ;; 

r - ---. 
~ 

"-' '---";;'-'='-'-;;;:;;--=--'=-======"'~.,,"' 
- . 

Table 9-2. Conventional Ammunition Demilitarization Facilities and Capabilities- Continued ~ 
a:: 

Disassembly 
facilities 

Bldg 600- 11,059 sq 
ft. 

Substant:Lal dividing 
walls. 

Overhead hoist ca-
pacity 5,000 lb. 
Capability for 
downloading CBU 
units. 

Bldg 168- .10,080 sq 
ft. 

Substantial dividing 
walls. 

Power converyors. 

Powder collection 
system. 

Bldg 528- 21,644sq 
ft. 

Center substantial 
di viding wall with 
operational bays. 

Power conveyors. 
APE disassembly and 

breakdown equip
ment (pull apart 
and depriming 
machines) . 

-

ANNISTON ARMY DEPOT-Continued 

DeactivatIon 
Washout furn'ace Detonation 

-

FT. WINGATE ARMY DEPOT ACTIVITY 

APE 1300 plant wlo 
water treatment 
system. 

Wa,shout system is 
of old design. 

Requires refurbish
ing and opera
tional check out. 

Syst~m requires 
water treatment 
and charcoal 
filter system. 

APE 1236 furnace 
reqUires APE ' 
1276 air pollu
tion system. 

8 detonation sites. 

Detonation restric
tions; 5,000 lb 
above ground; 
10,000 lb below 
ground. 

Open burnin.g 

5 burning sites. 

No burning cage. 

Burning restrictions 
10,000 lb. 

CS) 
I 
~ 

'" o 
o 
,~ >:. 
~ 
~ 



Bldg 2383- 7,400 sq 
ft. 

Dividing walls sepa
rate operational 
bays. 

Power conveyor. 
Powder collection 

system. 

Bldg 3810- 22, 000 sq 
ft. 

Center substantial di
viding wall. Power 
conveyors. 

Powder collection sys
tem. 

Bldg 5647- 4, 000 sq 
ft. 

Limited to missile 
disassembly. 

Bldg 2377-
Disassembly barricade 

for remote disas~ 
iSembly of items· 
-~·h less than 50 
ib~~f explo~~ve. 

Bldg 2763-
Disassembly barricade 

for remote disas
sembly of items with 
more than 50 lb of 
explosive. 

, __ I l __ ,.... I 
---! 

Bldg 2365- APE 
13.00 plantwlo 
charcoal filter 
system. Requires 
dewinterizing, 
operational check
out and charcoal 
filter system. 

i L __ ' 

--
LETTERICENNY AlUlY DEPOT 

Bldg 1456W- 6, 000 sq 
ft. 

Powder collection 
system. 

APE 1236 furnace with 
APE 1276 Air Pollu
tion System and BAG 
House Temperature 
Protection. 

Class 1.1 not permit
ted to be processed 
because of 500 feet 
distance to recrea
tion area. 

i_·. __ 1 

14 detonati.on sites 
non-electrical. 

Detonation restric
tions; 20 Ib above 
ground; 150 lb 
below ground. 

Up to. 500 lb of ex
plosive may be deto 
nated when optimum 
me.teorological con
ditions are present. 

3 burning sites. 

6 burning cages. -2 elevated concrete pads···· 
with curbs for burning 
small arms ammunition 
bullets. 

Burning restriction: 
MAximum of 4,000 lb 
of smokeless powder 
can be burned per site 
on 3 sites. 

.. 
a 
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~ 
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C 
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I 
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Table 9...;.2. Conventional Ammunition Demilitarization Facilities and Capabilities-Continued 
'>i 
C • 

Disassembly 
facilities 

Bldgs 550,555,562-
Each 18,000 sq ft 
(Bldgs 550,555 

LEXINGTON BLUE-GRASS ARMY DEPOT ACTIVITY 

Washout 
-Deactivation 

furnace 

Bldg. 273-
Small Arms Breakdown 

Facility. I 

Detonation 

30 de~~nation sites 
with electrical fir
ing syst~~. 

Open burninlr 

Burning ar,=:!. 

co 
I 
t-A 
Co) 

o 
o 
I 
t.) 

...:I 

...:I" 

each have powder 
collection systems.) 

Center substantial 
wall with operational 
bays. 

~PE 1300 Plant with 
pilot model char
coal filter system 
installed. Addi
tional charcoal 
column required. 

APE 1236 ....... _ ... ~ ... < .... 
AP'" _ ... rn ...... '" " .. loU I 

._.a:.. 1276 Air pOllutiln 
System. 

Meteorological conditions 
dictate when munitions 
can be burned. 

Power conveyors. 
Full complem~:: of APE 

~.:::;'sembly and 
~~~akdown eauioment. 
u,&. -- .A. ~ 

Bldg 11-66-
Disassembly barricade 

for remote disas
sembly of items with 
less than 50 lb of 
explosive. 

Bldg 1319-
Disassembly barricade 

for remote disas
sembly of items with 
more than 50 lb of 
explosive. 

Detonation restric
-tion: 50 lbbelow 
grOilnd with 4 feet 
earth .cover; 100 
lb below ground 
w1.th 6 feet earth 
cover. 

Under ideal weather 
conditions, the 
upper limit may ~ 
be used. 

NOTE: Upper limit 
seldom used because 
of blast pressures 
affecting neighbor
ing residences. 

The only open burning permitted by the Kentucky Environmental Protection Agency is for propellant which has reached 
a point of unacceptable stability. 

Detonation is restricted.tQ H.E. loaded munition on a specific item-by-item baSis by the Kentucky Environmental 
Protection Agency. 

-



Bldg 301-
Partial center dividing 

walls with opera
tional bays. 

Power conveyor. 

,--.
~ 

~ .. ~ ..... 
~ 

~I-~ 
, __ 1 

NAVAJO ARMY DEPOT ACTIVITY 

Three major tank as
semblies have been 
removed and in
stalled at Tooele 

APE 1009 furnace re
quires APE 1276 Air 
Pollution System. 

Powder collection syste~. 
AD.·Washout plant 
is completely in
operable. No cost 

TEAD survey 3/79 find
ings show need for 
deluge/fire protec
tion modification 
if new mission as
signed. 

Bldg 325-
Small Arms Disassembly 

estimate available. 

14 det·onation sites. 

*Detonation restric
tion: 5,000 lb 
above ground; 
10,000 Ib below 
ground with 6 feet 
earth cover. 

~.I.~. 

-f 

1 burning-sIte. 

14 white pbosphorous 
burning site. 

1fP subject to DA .... 
moratorium. ., 

*The limits indicated were recommended by Utah Study (20 years ago). Presently operating with self-imposed 
limitation of 1000 to 1200 pounds per shot. 

Bldgs 711-741-
Power conveyors. 
Powder collection sys-

tem. 
APE disassembly and 

breakdown equipment. 

Bldg 761-
Small Arms Breakdown 

power conveyors 
powder collection 

system_ 
APE Disassembly 

and breakdown 
equipment. 

TV Disassembly Plant 
for .. dis.assembly of 
bombs, large separ
ate loading shell, 
rocket motors, etc. 

Bldg AWS-4-
Powder collection sys

tem. 

PUEBLO ARMY DEPOT ACTIVITY 

APE 1300 washout and 
pelleting system 
and water reclama
tion system. 

APE 1236 furnace with 
APE 1276 Air Pollu
tion System BAG 
House Temperature 
Protection. 

14 detonationpitsl 4 burning sites. 
holes. 

Detonation restriction: 
50 lb above ground; 
4,000 Ib to 20,000 
lb below ground per 
pit hole. 

State EPQ requires 
particulate emission 
moni torincg. 

1 burning cage. 
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Table 9-2. Conventional Ammunition Demilitarization Fac~lit1es and Capabilities-Continued ~ a:: 

------------------------------------------------------------------------------------~----------~----------.~ 
RED RIVER ARMY DEPOT .,.a 

w. 
o· 
o Disassembly Deactivation , 

____ ~f~a~c~i~l~i~t~i~e~s~ ________ ~----~W~a~s~h~o~u~t----------_+--------~f~u~r~n~a=c~e~ ________ ~------D~e~t~o~n~a~~~i~o~n~------+_---~OO~;e~n~b~u=r~n=i=n~E ___ ~ 

Bldg 1163-16,280 sq 
ft. 

Bldg 1116..;..;.15,540 sq 
.ft. 

Center substantial di
viding ~,ll with op
erati-pnal bays. 

-Power conveyor. 
Powder collection sys

tem. 
Full complement of 

APE disassembly and 
breakdown equipment. 

Bldg 1149-
Disassembly barricade 

for remote disas:'" 
sembly of items with 
less than 70 Ib of 
explosiv~. 

Bldg 1107-
Disassembly barricad.e 

for remote disassembl 
of items with more 
than 70 lb of explo
sive. 

Both disassembly facil
ities equipped for 
quick installation of 
television observa
tion equipment. 

Bldg 1122- 3.674 sq 
ft. 

APR 1300 plant with 
water reclamation 
system. Requires 
operational check
out and charcoal 
filter system. 

. -4 aerat ion. lagoons. 

Bldg S-122- ~,240 sq 
ft. 

Small Arms Demilitari
zation Facility. 
American gas rotary 
heating machine with 
lead melting ,pot. 
Pollution abatement 
not required. APE 
1009 Furnace with 
APE 1276 Air Pollu
tion SystemwlEAG 
House. Caliber .30 
and Caliber .50 Dis
assembly. delinking, 
and pull-apart ma
chines. 

Power conveyors. 
Powder collection sys

tem. 

Bldg 1025-
2 APE 1236 Furnaces wi 

BAG House. 

.-. 

4 detonation sites 
with electrical fir
ing system. 

Detonation restric
tion: 100 lb abo~e 
groun-d; 3,000 lb 
below ground. 

. 8 static firing tanks 
for Hawk lUssile 

. Motors. 

Higb explosive burn 
ing area 350,000 
sq ft with an ex
plosive limit of 
50,000 lb. 

White phosphorous 
burning area 
250,000 sq ft with 
anexplo·slve limit 
of '3,000 lb (100 Ib 
max high explosive 
shot) . 

Smokeless powder burn
ing area 250,000 
sq ft with an explo
sive limit of 
60,000 lb. 

Open burning of explo
sives and propel
lants approved by 
Texas Air Control 
Board 2 April 80. 

Destruction of chemi
cal ammunition 
disapproved. 

• 

• 
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Bldg 729-16,176 sq 
ft. 

Dividing walls sepa
rate operational 
bays. 

Power conveyor. 
Powder collection sys

tem. 
Full complement of 

APE disassembly 
and breakdown 
equipment. 

Bldg 742- 27,550 sq 
ft. 

Dividing walls sepa
rate operational 
bays. 

Power conveyor. 

1'--- I 
L---; 

SAVk~A ARMY DEPOT ACTIVITY 

Bldg 2208-
APE 1300 plant 

requires dewinter
izing operational 
checkout and char
coal filter sys
tem. 

Bldgs 941-947-
1 APE 1236 Furnace 

with APE 1276 Air 
Pollution System. 

SENECA ARMY DEPOT 

Bldg 612- None Bldg 367-
Disassembly building. 
Partial center sub-

stantial dividing 
wall with opera
tional bays. 

Power conveyors. 
Pow~er collection sys

tem. 

l-APE 1236 Furnace 
with APE 1276 Air 
Pollution System 
and BAG House Tem
perature Protec
tion. 

l·detonation site. 9 burning sites. 

Detonation restric- 4 flat3hingareas. 
tion: 25 lb above 
ground; SOOlb below 1 burning cage. 
ground. 

Illinois EPA prohibit open burning except 
for unsafe/unstable ammunition. 

8 detonation sites. 8 burning sites. 

1 burning cage. 

Burning restriction: 

• 

., 

Detonation restric
tion: Quantity
distance restric
tion 100 lb. 

Depot restriction: 
50 Ib above or 
below ground. 

Weather conditions 
and wind direction 
dictate when muni
tions can be burne.d. 

• 

----------'--------.. -.----------------"""-------.------~ 



Table 9-2. 

Disassembly 
facilities 

Bldg 403- 10.800 sq 
ft. 

Partial center sub
stant1.al dividing 
wall with opera
tional bays. 

Power conveyors. 
Powder collection sys

tem. 
APE disassembly and 

breakdown equip
ment. 

Bldg 640- 20.520 sq 
ft. 

Center substantial di
viding wall with 
operational bays. 

Power conveyors. 
Powder coH.ection 

system. 
APE disassembly and 

breakdown equip
ment. 

r--: 

.-
Conventional Ammunition Demilitarization Facilities and Capabilities--Continued 

Washout 

None. 

SIERRA AlUIY DEPOT 

Deact i vat ion 
furnace 

APE 1236 Furnace with 
APE 1276 Air Pollu
tion System with 
Pilot Kodel BAG 
Bouse Temperature 
Protection System. 

Deactivation furnace 
operation licensed 
by State of California 
Lassen County. 

Detonatl.on 

14 detonation sites 
wi.thelectrical 
firing system. 

*Local detonation re
striction--10,OOO lb. 

Open burn1.ng 

Open burni.ng site. 

Open burning restric 
tion: Limited to 
explosives and ex
plos.ive . contamj;nat~d 
combustible .. waste. 

Detonation and open burning operations 11.
censed by ·Stat.e of California. Lassen 
County. 

*10,000 pounds per shot, number of shots per day limited only by time required to set up shots and clean the~ 
air. Normal operation calls for 1- 14 shots at one minute intervals starting from 1430 to 1530 each week-. 
day. 

--.. .. 
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Bldg 1375- 22,264 sq 
ft. 

Center substantial di
viding wall with 
operational bay. 

Power conveyors. 
Powder collection sys

tem. 
Full complement of 

APE disassembly and 
breakdown equipment. 

Bldg 1303-
Disassembly barricade 

for: remote; disas
sembly/sectioning; 
munitions with power 
hacksaw and closed 
circuit television. 

LJ 

Bldg 45-
APE 1300 Plant isop

erational. , Requires 
charcoal filter sys
tem. 

TOOELE ARJ(Y. DEPOT 

North area
Bldg 1320 
APE 1236 Furnace wi t.h 

APE 1276 Air Pollu
tion System. 

South area-
APE 1236,Furna.ce with 

Afterburner and 
Venturi. 

Cross Flow Scrubber 
or Dry Particulate 
Control System. 

,-~ 

'----.J 

Nort,h area-
'9 detonation sites 

with electrical 
firing system. 

r-l '-'-
• 5 il. SfJ;(C 

Horth area-
10 burning sites 

non-electrical. 

.oJ.' 

Burning restriction: 
Detonation. restriction: 5,OOOIb per B,it,e. 

100 lb above groQll,d; 
5.000 lb below ground8outh area- I 

with 8 feet earth 12-burning s~tes 
cover. non-electr~cal. 

Each detonation is 
dependent on weather 
conditions, wind 
direction tempera
ture" inversion 
layer. and air 
quality. 

South area-
10 detonation sites 

w/o el~trical 
firing system. 

Detonation restriction: 
100 Ib above ground; 
10,000 Ib below 
ground with 10 feet 
earth cover. 

I 

Burning restriction: 
10,000 lb each 
site. 

Open burning is 
governed by 
weather conditions. 



Table 9-2. 

Disassembly 
.facilities 

Bldg 614- 16.500 sq 
ft. 

Center substantial di
viding wall with 
operational bays. 

Power conveyors. 
APE disassembly and 
breakdo~~ equipment. 

Bldgs 601-606-
Disassembly barricade 

for remote disas
sembly (television 
not operational). 

Bldg 608- 18.400 sq 
ft. 

Essentially same con
figuration as Bldg 
614 with same equip
men t and use'. 

t 

r~-'-~ I . . . 
~ 

Conventional Ammunition Demilitarization Facilities and Capabilities-CoDtiDued 

Washout 

Bldg 487-
APE 1300 Plant wjo 

water treatment 
system. 

Requires refurbish
ing, operational 
checkout and new 
boiler system. 

System requires 
water treatment 
and charcoal 
filter system. 

UMATILLA DEPOT ACTIVITY 

Deactivation 
furnace 

Bldg 206-
APE 1236 Furnace with 

APE 1276 Air Pollu
tion System and BAG 
House Temperature 
Protection. 

Detonation 01>..en burn ing_ 

24 detonation sites. Open burning site. 

Detonation restriction: 
50 lb above ground; 
SO lb below ground. \ 

Ore.gon Department of Environmental Quality 
currently permits op.en burning/open deto
nation to be conducted in accordance with 
Utah Study criteria. However, open burn
ing/open d.etonation future operation is 
under review by .Department of Environmental 
Quality. 

• 
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munit1ofis. A fluidized bed incinerator 
1& undergoing modifications and is not 
yet operational. 

1. ARRCOM installations' facili
ties-a~d capabilities are detailed in 
table 9-3. 

9-4. WEST~RN DEMILITARIZATION~ACILITY, 
HAWTHORNE NEVADA 

;,~ a. Introduction. The Western De
militarization Facillty is located be
t~eeD the existing depot and the south 
shore of Walker Lake. Details of this 
bcil1ty and how it wUI serve the US 
Pefense Establishment are described 
below. Site pla.n showing location of 
all principalb\1ildings, roads, and 
rail lines is presented in, figure 9-2. 

~. BacksrQund. The present capa
bility f~r demilitarization consists 
of small units in scattered locations 
around the country.· These units are 
quite old, tend to be makeshift, and 
some processes do not meet today'e 
environment'a} standards. This points up 
the need for modern centralized facili-
ties. ' 

g. Reguirements. It was required 
that the new demilitarization facility 
exhibit these capabilities: 

(1) Demilitarize all conven
tional ordnance items in the Department 
of Defense Inventory. 

(2) Be of the latest state-of
the-art using only proven technology. 

(3) Maximize the economic re
turn on recoverable materials. 

(4) Meet all federaJ, state, 
and local environmental standards. 

(5) Guarantee the safety of 
the workers involved. 

d. Overview. The Western Demili
tarization Facility consists of nine 
operating buildings, five storage maga
zines, an administration building, a 
boiler facility and water treatment 
plant with three water storage ponds. 
The buildings are spaced so that a major 
explosion in anyone building cannot 
set off a sympathetic explosion in 
another building. The facility is 
connected to the main depot by two rail 

-._"_. -.- ... -'-~-~---ry.-

lines and two truck roads. A conventional 
road goes around the perimeter of the fa~ 
cUity. The operating buildings are con
nected by a driverless tractor network so 
that ordnance items may be transferred 
by remote control. In general, ordnance 
arrives by way of truck and railroad, 
serving the off-loading dock where they 
are transf,erred to the preparation build ... 
ing for unerating and disassembly •. The 
resulting materials and component parts 
are thEm transferred to other operating 
buildings for further processing. 

, e. Of:t-LoadingDock. The Off-load
ing Dock has two revetted cha.mbers capa;.. 
ble of accommqdating either freight cars 
or trucks. The chambers are rated at 
40,000 pounds of TNT. A detonation of 
this quantity in one cell would not cause 
a sympathetic detonation of explosives in 
the other. 

1. Preparation Building. Materials 
from the off-Ioaaing dock arrive by dri
verless tractor at one end of the building. 
Here the materinl is unloaded and unpaclced. 
Materials are then processed through one 
or ~ore of the six work cells. All opera
tions are remotely controlled from con
soles in the control room on the other 
side of the building. Typical operations 
are pull-apart of gun ammunition, deprim
ing of cartridge cases, collection of 
smokeless powder, and defuzing of projec
tiles. Bulk smokeless powder is trans
ported by belt conveyor from cell No. 5 
to the smokeless powder accumulation 
building. All other materials are loaded 
onto driverless tractor carts in the other 
end of the building. 

g. Smokeless Powder Accumulation 
BuUning. Small-grain smokeless powder 
comes to this building by vaC\1um line and 
is collected in bag filters. Large grain 
powder comes by conveyor and is collected 
in hoppers. All powder is weighed, pack
aged, and hauled off by truck for resale 
or for use in the large item flashing 
chamber. 

h. Mechanical Removal Building. The 
builDing is used for miscellaneous mechani
cal demilitarization riperations including 
punching, shearing, sawing, and def\1zing'. 

i,. Lar~e Cells. The three cells are 
ratea at 3,00 pounds of TNT each, and 
are located near the mechanical removal 
building. Operations in the cells are 
remotely controlled from the control rOQm 

9-113 
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Table 9-3. Conventional Ammunition Demilitarization Facilities and Capabilities 

Disassembly 
facilities 

Bldg 146-
substantial dividing 

walls separate op
erational bays. 

Power conveyors. 
powder collection 

system. , 
Disassembly and break

down equipment. 

CRANE ARMY AMMUNITION ACTIVITY 

Washout 

Steamout Facility op
erational. Requires 
pollution abatement 
programmed FYSO. 

Washout Plant opera
tional. 

Pollution abatement 
not requ~red. 

Deactivation 
furnace 

2 Deactivation Furnaces 
with pollution con
trol systems. 

1 Small Primer Popping 
Furnace with air and 
water pollution con
trol systems. 

FY80 1 APE 1236 Furnace 
with APE 1276 Air Po
llution System. Has 
been deferred due to 
lack of need per 
Indiana Air Pollution 
Contro.l Board. 

Detonation 

30 Detonation Sites 
with the following 
restrictions: 500 
pounds per site 
with earth cover. 

Existing environmental 
constraint of open 
demolition area is 
variance from 
Indiana Air Pollution 
Control Board which 
expires April.1979. 

Open burning 

1 Large Site with 
12 fixtures for 
burn.ing Hawk 
Missile }!otors. 
PresE;!ntly inac
tive- used for 
explosive smoke 
less or detona
tion by flashing. 

*CAAA is operating both explosive burning and explosive detonation sites under the provisions of APC-2, the Indiana 
Air Pollution Regulation that allows open burning and/or detonation of hazardous material. The permit (called a 
variance) that allows CMA to operate these facilities is renewable on a calendar yearbasis.CAAA has been a.s
sured that the EPA has approved Indiana's SIP, and that the state APCB expects to continuere.newing the permit 
indefinitely. 

All Disassembly· and 
Breakdown is done 

HAWTHORNE ARMY AMMUNITION PLANT 

Bldg 102-31- 10 .detonation sites. 2 Open burning 
areas. 

~ 
CD 
I ... 

CA 
o 
o 
I 
N 
~ 
~ 

at Demilitarization 
Bldgs 101-41, 101-44 
and 102-31). 

Bldg 101-41-
Washout/Steamout 

Remote contour 
drilling. Large 

2 Deactivation Furnaces 
wlo pollution control 
system. 

Detonation restrictions; 
3,000 pounds above 
ground per site with 
sequential detonation!. 

Burning restriction: 
i tems- bombs, 
~ines, torpedoes. 

Bldg 101-44-
Washout/Steamout 

3.5 PrOjectiles 
thru 1o!117-750 
pound bomb. 

APE 2001 breakdown ma
chine. 

Small arms thru 20mm 
. fuzes,primers. 

Deactivation Furnace 
operation was cited 
by EPA for emission 
violations. Opera-
tions suspended June 
1979. 

No current environme~ta' 
restrictions. 

No current en
vironmental re
striction. 

All present washout/steamout and deact.ivation "furna.ce facilities will discontinue operation With start 
Western. Area. Demilitarization Fa.cility. u,p of the 
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Disassembly 
facilities 

Bldg 100-
Disassembly breakdown 

and primer punch out 
of cartridge case of 
small arms ammunition 
including 20mm and 
40mm. 

Bldg 126-
Disassembly and defuz

ing of projectilesl 
warheads (3 inch, 
5 inch ,- 6 inch, 90mm, 
120mm, 5 inch Rocket 
Warhead.) 

Bldg 198-
Disassembly, breakdown 

and defuze (2.75 
Rocket Warhead, 7.5mm, 
5 inch Rocket Warhead, 
5 inch Rocket Motor). 

Bldg 201-
Disassembly and break

down (4.2 ~ortar). 

Bldgsl09-111-
Disassembly, breakdown, 

and defuzing of large 
projectiles (8 inch). 

Bldg 205-
Disassembly, breakdown, 

an-d -def.uzing of large 
projectiles (6 inch, 
8 incb, 16 inch). 

r-~ 
~ 

r--', 
L-:.-..:.J ' 

MCALESTER ARMY AJWUNITIONPLA~'"T 

Washout 

Bldg 186-
Disassembly and 

steamout plant op
erational (40mm, 
75mm, 90mm, 105mm, 
106mm, 120mm, 60mm, 
81mm, 4.2 inch, 
2.75, 5 inch). 
Pollution abatement 
not required. 

Bldg 445-
Washout plant.opera

t ional (8 inch, 
16 inch projectiles). 
Pollution abatement 
not required. 

'Deactivation 
furnace 

Bldg 452-
Deactivation furnace 

APE 1236 with APE 
1276 Air Pollution 
System has been 
installed to Demili
tarize Small Arms 
Ammunition, Primers, 
Fuzes, Boosters, and 
Detonators. 

Bldg 163-
Small Arms breakdown 

and Primer Popping 
Furnace not opera
tional (75% complete)" 
pending completion of 
breakdown equipment, 
installation of pollu
tion control system, 
and sprinkler system. 

c-: . . I '.----" .' 

~ ~.:.r .. 
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Detonation 

10 detonation sites. 

Det"Onation restriction: 
Depot imposed explo
sive limit 150 pounds 
with 15 feet embank
ments and 4 feet 
earth cover. 

. ,.'<',""_. • U I'LdA, 
I 

• 

Open burning 

Open area. 

Burning restriction: 
Open burning depot 
limitation to ex
ploSives, explo 
sive materials, 
and pyrotechnic 
flares untll burn
ing cages are 
manufactured. 

Completion of burn
ing cages pending 
fundin.g. 

6 cagesrequi:red and 
clarification 0 f 
open burning re gu-
lations for the 
State of Oklaho mao 

USE EXISTING LAP FACILITIES FOR DISASSEMBLY AND BREAKDOWN. 



Table 9-3. Conventional Ammunition Demilitarization Facilities and Capabilities-- Continued, 

"Disassembly 
f,acilities Washout 

PINE BLUFF ARSENAL 

Deactivation 
furnace DetonatIon 

Current demilitarization capability is limited to white phosphorus (WP) munitions. The 
existing WP Demilitarization Facility Capability includes equipment and tooling for 
removal of WP from a variety of munitions. 

Operational limitations require equipment modifications for 1434 Grenade 14110, 155mm 
WP and CBU-12 and CBU-22 together with refurbishing line operation equipment. 

There is a WP Demilitarization and Download Facility. Incinerator Cluster together with 
supporting pollution abatement systems whic,h provides a demilitarization capability 
for non-toxic chemical munitions. 

1. Incinerator complex: 

a. Rotary Kiln Furnace with After Burner Scrubber System. 

b. Chain Grate Conveyor Furnace with After Burner Scrubber System. 

c. Fluid Bed Incinerator with ,Scrubber System and Associated Slurry Preparation. 

2. Download Facility 

3. WP Demilitarization Facility 

4. Colored Smoke Demilitarization Facility. 

Open burning 

No open burning' as 
established by 

, 1977 Clean Air Act. 

The Arkansas Air Pol
lution cOntrol Code 
requir,es a state 
permit to open burn. 

No permit has been ap
plied for ,all white 
phosphorus waste 
being held pending 
completion of the 
incinerator complex. 

• 
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MAGAZINES GROUP A 117-13--~ 

MECHANlCAL·REMOVAL 
BUILDING 117-8 -------, 

lARGE CELLS 
BUILDING 117-9-----.. 

PREPARATION 
BUILDING 117-1()---.. 

~, ._'-' 

r-.--n .... """".~ WATER 
. TREATMENT FACIUTY 117-7 

r--R~I~N1ING BUILDING 117-5 

r-WV'\\.:II'\L.u".;;;a GROUP 8 117-14 

ASIHING 'CHAMBER 117-15 

AND SMALL ITEMS 
BUIlDING 117-3 

'lr-~lJlU::H BULDING 

SERVICES AN> 
SUPPORT 
BUILDING 
117-1 

DOCK 117-12 BUILDING 117-11 BUILDING 117-6 
EXPLOSIVES DISPOSAL 

. BUILDING 117-4 

F1gure9-'2. 

SITE PLAN 
"ANC Kill. "I' e· _ .~ •. _ _ -F -a 

ARD 81-0213 

Site plan showing location,s o.f all princ1.pal buildings, .roads, and rail lines. 
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in the mechanical reliloval building. 
One cell will house a major caliber de
fuzer capable of 4efuzing projectiles 
up to 16 inches in diameter. The 
other two cells will contain large band 
saws for sawing mine cases, depth 
charges, and large rockets. 

j. I\din~ni Bu:l.lding. It is de
siraDle to recover explosIves from 
ordnance items without contamination 
from steam or water. This is accom
plished by a "melt-out" process in which 
live steam is appli~d to the outer sur
face of the item. In'the refining 
building, racks containing the ordnance 
items are lifted to the top deck by over
head crane a.nd placed in steam enclaves. 
The molten exploSive is collected in 
hoppers and poured into a "flaking" con
veyor where it solidifies into small 
pieces. The pieces are packaged and 
hauled awa.y by driverless tractor for 
storage and resale. 

~. Bulk Incinerator Buildin,g. Cer
ta.in explosive materials have DO reuse 
or resale value a.nd must be disposed of 
by in,ciner~tion. These materials are 
moved by driverless tractor to the bulk 
incinerator building in 55-gallon drums 
where they are ground up and mixed with 
water to form a slurry. The slurry is 
then pumped to two rotary kilns for in
cineration. An afterburner is provided 
to reduce the contamination of the re
sulting smoke. The smoke also passes 
through a bag filter. Each incinerator 
can consume 550 pounds of explosive per
hour. 

9-20 
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deck and washed or .steamed out. The 
explosive flows by gravity down through ( 
a dryer and onto a flaking conveyor and 
then is packaged for storage or incinera
tion. A water treatment facility is 
located adjacent to the washout/steamout 
building. All process water used will be 
filtered and recycled. 

,"; 

m. Decontamin,ation Building. The de
contamination building contains three ro..; 
t~ry furnaces similar to APE 1236. They 
are used to demilitarize ,complete rounds 
of small caliber ammunition, fuzes. and 
primers,. In order to insure that me~al 
parts sold for scrap are .complet'ely free', 
from explosive contaminatipn, they must 
be flashed by raising them to a tempera
ture higher thiLn that necessary to cause 
the explosive to burn. ~edium caliber 
projectiles are loaded onto racks and 
moved by an overhead conveyor through a 
flashing furnace and then past a water 
spray for cooling. Items too large for 
the conveyor are loaded onto steel carts 
and moved into the large items flashing i 

chamber where a powder train is used for 
flashing. Bag house filters are used 
to remove any particulates from the smoke 
resulting from all incineration operatio~s. 

n. Administration BUlld;ln~andBOiier 
Bul1aing. The administration uIlding 
wIll house offices, a cafeteria, a quality 
assurance laboratory, and a boiler facility 
which can be fired by either coal or 011, 
and has three boilers, each capable of 
generating 5.000 poun'de of steam per hour. 
Effluent air from the facility is filtered 
through a series of baghouses before being 
released to the atmosphere. 

o. Magazines. Five magazines are 
provIded for short-term storage to support 
operations. These magazines are of con-. 
ventional design. 

, 
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VIBR. CONV. 
WITH METAL 
DETECTION 

'M-I02 
MODIFICATION 
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VIBR. WEIGH 
CONV. M-IOl 

1) ALL EXISTING EQUIPMENT REUSED 'EXCEPT SPIRAL 
VIBRATING CONVEYOR. SPIRAL CONVEYOR REPLACED 
BY NEW LI FT BELT CONVEYOR. 

2) EXISTING SPRAY SYSTEM MODIFIED TO ,SERVICE 
~,10DIFIED SYSTEM. ' 

-. 

IN CASE OF FIRE DELUGE 
SYSTEM TRIPS GATE, GATE 
FALLS CLOSINll WALL OPENING 
AND CHUTE SWINGS CLEAR 

PRIMARY 
GRINDER 
G-IOO 

LIFTBEL T _ [UVIBR. CONV. 
M-I05 

CONVEYOR~ L 
'(NEW) ,,~Zll Zlll 4;.-' 
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VIBR. CONY. 
M-108 ~,10DIFIED 

O TO FINAL FINE GRINDER 
(G-IOl), SIZING SCREEN 

,SLURRY TANK (T -101) , 
, SLURRY PUMP (P-IOO), 

SLURRY TANK (T -102) &' 
SLURRY PUt1P (P-I01), 
ALL AS INSTALLED. 

EXISTING SYSTEM MODIFIED 



fl 

[] . 

r-J . 
i 
l.~ 

[J 

(] 

. ~] 

:] 

,] 
r-j 
l~ 

."~.J.' .. ' ij. 

I] 

:J 
,J 

- -_ .. __ . __ ._----- ------- -

\ 

.- : .... 
!. .. 

... 

~ANTITY LABOR. .MA.T~RIAL 

DESCRIPTION NO. UNIT Pit .. "It .. 
uNiTS ~ItA'. UNIT TOTAL" 

UNIT TOTAL. 

. 

"--.~PO $~~L. :> : E5~ ~T'1EM- ~CO "",J.,4 ~ ,. 

~~, I- .3'1.A/J~ .. .-. . 

.' P6, ~ 
~.-

, ' I!JOIZtO 4-00 
J PtJil' ~. !lO960 50z.oc> 

", 

I-

~Z6"-z,o' '&;J6<i>o 7~1 -,:r£- ~. 

£#d~~/u~" /5%-519t.EJ I/y' ~k /~cf78' . 'Z'5"80 , r -
I ~~gfJ' . 53/3tO 

G.P.u~/.I''- a;up~r;'t:>~ ~, /O~.4-CJ 5~/5 - '" I· 

• ; VI 7 o.gJ SR443 
. COA/TNJ9Cn:;,e. MA~K It/p ~ ~G~ zq~&O )4-1011 , 1 

.- /~e9J' 7~().!54 
iC~~"I.A J~~ r~155 Z ;~ 3~57G' 19''Z~<f , 

/tf?z~73 0//3/8 
.-J.. 

If 2 DI9 ~727~ '?./' ~1CJc". 

I\, ~, , , , 

-. 

I 

'. 

. Total This Pa e . 9 

'" . , .... ' ' 

TOTAL 
COST 

~V· 

Z74/9/ 
I ~ 



'--". ,"- ._- -'----.--- '- ··-·----'4'-----·---------

j 

1]-, ' ... '"' . ;. 

n ........ .... . '.' '. . BOOKER ASSOCIATES, . " F,INAL. PAGE NO. 
l J ..... •• .... .. . COSTESTlMAT"h?DFt>"£P,.5i ::.rt:;r"N( . . 

~I'PR()JECI A/h,VlfI_ Cho .. Qr;9,.. . BL~GGA .. ,yOIM~ f d0V4!:7~ ~rE..~ 
-<el NPIItN WE""" Mp~, BLDG NO. . ~' ,DISCIPLINE . 

.. ~J JOB NOr-Z;Z2.fOATE/b -a.~y~ . . •. ~~;~~~; . PAGE..8 OF--,-_ 

LABOR. ' . 

I
II r DESCRIPTION' NO. VNIT Pit" '''E'' TOTAL 
:j 1---"'"':< ______ -+-UN-. IT_8 -1iW_I*_" .. +-UN_IT--+-,.---TO_T_AL_+-UN_IT-+-_T_OT __ .AL:....-..-I-""""""'-_CO.....,.$T_·---I 

'0 
[] 

[j 

.f] 

fJ 
[-J 
l J 

'n 
fl' t,' . 
l.":" 

i] 

[J 

D 
LJ 
. f: 1 
LJ 

,] 

-r~1 p t$JI9'n: 44 
t-

/~'-d' L)Fi ~1!FL:r(jIJ" /7~ 
• 

.-
,', 

GAiwl?~( M.YIIJtJ, 17h 
/!(Allre} , • 

E £t:c..rr:<./c..-L. ZRR .. 
~'; ,. 

'17PJiVtG /5pel'l-Y f :J4? 
~G'LUG'l:£) , 

l~ $0 I~ZO ' . ISotO 
. ,. 

5Z~o 
., 

"1/2000 II 1/ 
.-' 

1/ 11 S-Uo 'Oo~ 

II II ff6~ ~50e; 

H- II 104..40 32,00 

'8o&f~o 50ZPO' 
I 

.' 

, . 
'-. . 

Total This Page '1-----~ 



n ,. 
n 

.--.' .. : ! 

, - ' 

.. , 

. , 

BOOKER ASSOCIATES FINAL PAGE NO. ---.--
COST ESTlMATE~,I.D. , ~Vi!!:~~ A ',L 

" .' , TA"'40,.- "eJf?t!irj; -"/'" cs """ . R ·PROJEcT &1(Al. aae77l•. .. BLDGt?&.vRrA.J6' (~I18W~ ~1:t 
7~ t M.A '1/1AJ fitrllJ/, ~,. BLDG NO. : .DISCIPLINE ~CH-

. 0 JOB No/f-i:Z,7!DATr/o-/Z' ~y~ItItt>~~; ~~;UkJ ~~; PAGE Z- OF-....,...--"l--

D, 
·lJ 
[] 
r-~J L 

. !] 

:~] 

IJ 

rJ 

fj 

'J 

.. 

DESCRIPTION 

74NI< 1-101 
.. ' -

C/~MP - P-1t:JO 

'7"1IIA//G.- 'I- /t'JL 
, 

7-VA/fp - P- /4>1 

,;.-. 

,-(JIl4P- P-/~4-

Ml1CG~ '?/PIN4 
\ 

MOl?/~/c~ 

V/~!e, ~Nv'·M-/~Z 

Vt~j( ~~v. M-It:J/~ 
" 

~ 

7r1=1 IV S TI'1 t... (.., 

" 0aie, a:,AJ v 1oA-/o?, 
" I 

J111,e a,,uVi M-It), 

119'~k, r=-IO-Z 
-
?-(jM?~/" I 

-

-
QUANTITY LABOR. II'ATERIAL 

" 

T.OTAL NO. UNIT Pit" .. It" 
U!'IITS !ME ... UNIT 

TOTAL 
UNIT 

TOTAL COST 

It' HII. ~ Utf.-O 

IZ, II ~I) PbO 
. 

/I~ II ?O" §4~o. .. 

., 

I~ I, . ,~. 561!P 
. 

''?l): a60 I"" ;1 

144- 1/ 90 ~~z.o 

~T70J 11 ~~ G6YVIP/ ~e:1 ~r .. 

~o !I!tc. ~tO /cYoo \ 

~~ /I' ~o Z400 

~ r1t:: PI\.. e.:; f'/.$'T7 EE. ~'"' If-! 

II~ Hie. ~o 34Jb 
L 

/~z.. II ~ ~?60 
.-!!:l. 

t:' . 

l/~ " ~~ ~ 4-tY'o ··Z~ 

/I~' II '~t!} ,-a~,ptJ) 'ZenO 

~1?1Zt!/ 400 

Total This Pa e 9 



- - -------------~---------.-------~---- -
--~-- - ------.----------~-.-----

j 

n "'" . '::'" ' .. ", " .,' .' ,.-
, ~. . 

1---- ,: I' .• 

BOOKER ASSOCIATE~ , .FINAL PAGE NO. --..' ---.. ____ __ 

n '. ." . COS~ESTIMATE, '~oP~~e,o 6y~rE/V1' , 
PROJECT . @tfa .5~, .. BLDGG~/AlPIM EaNv&. 1. 6j(t:lTEt!/. 

·0 /N/:>I,t9N /-Iel9o"J Mo, BLDG NO. ~6i-1, 
[] JOB "0 _ t"-~ 1. l/JATE . . ~y ?- ~~; i~~ -. . g; PAGE . / OF..----,"-,--

QU~NTlTY LM'OR 

[J 

[1 

'U 
[J 

LJ 

fJ'-
, I 

. DESCRIPTION 
~ . 

• t" rrE/V1()VA L,(; 
, 

:11e~. CJA/K M'iiotf 
... 

I( /. _~/o7 . ' 

I. ,. !vI ... /d:, 

" 1/ N ... /t)Z 

II' /1 ' /Y1 ... /t>:/ 

(8 II R ~c M 'l'lIt..vc 
/ /'\ 

'08,e,~ON~ M-/oq 
'. 

I 

1/ II M,//o 

. G/?IAI/Je'e. G-/oo 
., 

,?~,1'A1L /1/Jtf, .M;.lo~ 
j' 

J1$,e, ,?);NV, M,./o5" 
.......-1~ / 

.A"'I1A1el-l01t..Vt5' 

NO. UNIT 
U"IT. MIEA" 

~6 "/& 

ft! lit< 

22 " 
%X It ' 

lib ' I 

• 

lib II 

44- /I 

tfg II 

~J' /I 

I/b_ /1 

/~ ,. 

66 /I 

L1.Ll... II 

MA.TERIAL 

PiE .. ' PIE .. TOTAL' 

UNIT TOTAL. 
~NIT 

TOTAL.. COST 

rA ~£Cl-;" ( ilC;/VI ~1Ve-1\I /05, 
~: -

~. ~.~.4f:J .. :~?f. + '-- ·i' 

I • R'~ . - -

II 'Z~·40· , 

-
II '?~4J('o -

,.. 
II 3"4l%€> - , 

I, LaZo .... 

I, z:h,4tt!; 

" .. u-~· , --,-

-
~4%o 

' . 

II 

t ( 4:'37.L::J 
',,-

1\ 'U>~ 

II /~.ZO' 

,?j/lAo' 
I ,':' 

Total Thi s Pa e g, 



r--~ --, 
~ 

TRUCK ~ 

WEIGHT SCALE (EXIST) IN CASE OF FIRE DELUGE 
SYSTEM TRIPS GATE, GATE 
FALLS CLOSING WALL OPENING 
AND CHUTE SWINGS CLEAR 

. I 
I I 

RECEIVING 
HOPPER (EXIST) 

--
VIBR. WEIGH 
CONY. M-lOl 
(EX 1ST) 

VIBR. CONV. 
WITH METAL 
DETECTION 
M-102 (EXIST 
MODIFIED) 

o 
GRINDER 
FLYING KNIFE 
TYPE 8 11 SIZE 
TO -1/16 11 SlZE 
(NEW) 

NOTE: 
THE COMPLETE SYSTEM IS TO HAVE A 
WATER SPRAY SYSTEM TO PREVENT 
TEMPERATURE RISE OF PROPELLANT. 

REDESIGNED SYSTEM 
Fi gure VI A-2 

BELT 
LIFT CONVEYOR 
(NEW) \-- - I 

rBR. CONV~ 
M .. 106 (EXIST 
MODIFIED & 
RELOCATED) 

H20 SLURRY 
TANK T-I02 

-.--1---'---, (EXISr:& RELOCATED) 

SLURRY PUMP 
P-101 (EXIST & 
RELOCATED) 

-
TO SLURRY 
STORAGE 
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AFTER BURNER - HEAT CAPACITY, RESIDENCE 
TIME, PRESSU~ DROP 

WET SCRUBBER EVALUATION 
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Note: Branch entry loss assumed to occur 
in branch md is so calculated. 

00 not include on . enlargement regain 
calculation for branch enlry enlargements. 

Angle e 
Degrees 

10 
15 
20 
25 

..... 30 
35 
40 1-- . 

p..... 45 
50 
60 
90 

BRANCH £NTRr LOSSES 

• 

II, No. of 
Oiameters 

1.0 0 
0.75 0 
0.10 0 

/-. 

0.65 0 
0.60 0 
0.55 0 

[0.50 0 
Lq.45 0 

CAP LOSSES 

6-29 

Loss Fra~lion of VP 
in Sranch 

, 

0.06 
a09 
0./2 
als 
0./8 
0.21 
0.25 , 
0.28 
0.32 
0.44 
/.00 

Loss Fraction of ~ 

0./0 
. ~!', . 

0./8 
- 0.22 

0.30 
0.41 
0.56 
0.73 
1.0 

r--- ·-·---·-·-------:--------.....0-1 

See Fig. 6-24 
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GOVERNMENTAL INDUSTRIAL HYGIENISTS 
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U ~!rl.~ ~ .. ;+= ,I __ J ... 'f ,. <C /:. - .0 
r1 ,r " .. ~~ Chon~8 in diolflQlsr fer 
L:} :;(. every 5 untt chongi' in length 

4~ ~l 

GOOD BAD 

DUCT CONTRACTION 

-+ E· F- I . n .. -&---'1 
.71 unit change in diameter for 

every 5 Uftl~ change in lenglh 

GOOD' 

STACKH£AD 
50 /"\ 

12 

60 / "\ 10 

I' 

I' 

4 

100 o 
V 

t 
.---

/l..d'-. 

RIGHT 

Verticol discharge cap thrOlAls 
upward where dilution will toke 
place. . 

BAD 
See Fig 6-6 

W£ATHER CAP 
Equol t'(1locily contours 

4 .~--.-~~~~----_ 

6 .- --

(l12 /0 8 

WRONG 

Deflecting weather cap discharges 
downward 

AMERICAN CONFERENCE OF 

GOVERNMENTAL INDUSTRIAL HYGIENISTS 

~ 

PRINCIPLES OF DUCT DESIGN 

OATE /- 82 
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I--I~ -1 Sec/ion A-A 

..--+--Drain lip 
J' 

Drain 

VERnCAL DISCHARGE (87j(1/6) OFF$ET ELBOWS(l06) OFFSET STACK (106) 

No loss Co/cu/t.1te losses due to elbows 

I. Rain protection c1Jaracferislics of these caps al8 superior 
10 a de fleeling cap located 0. 750 from lop of sid. 

2. The,length of upper stock is related to min prolt1ctkKl. 
Excessive additional disf(!nce may cause "Slowou/ N of 
effluent at /he gap be/ween upper and lower stJCtions. (86) 

DATI 

-- - --------- -------------

AMERICAN CONFERENCE OF 
GOVERNMENTAL INDUSTRIAL HYGIENlm 

STACJ<HEAO DESIGNS 

/-76 I Fi .6-24 
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COMPANY NAME: BOOKER ASSOC. 
CHX REF. NO. 306-50 DATE-July 29, 1983 
CHX REPRESENTATIVE - eKe ,. St. Louis 
NUMBER OF APPLICATIONS FOR THIS P~OPOSAL - 1 

. APPLICATION: HEAT' COMBUSTION AIR 

DESIGN CONDITIONS 

AVERAGE STEAM LOAD, (LBS. /HR. ) 
FLUE GAS FLOW (LBS .. /HR.) . 
EXCESS AIR (%) 
SPECIFlC HEAT (BTU/LB. OF) 
FLUE GAS INLET TEMPERATURE (OF) 
FLUE GAS OUTLET TEMPERATURE (QF) 
COMBUSTION AIR FLOW (LBS./HR.) 
AIR INLET TEMPERATURE ( OF) 
AIR OUTLET TEMPERATURE (OF) 
HEAT RECOVERED (BTU/HR.) 
ANNUAL SAVINGS * 

- 5,000 
- 5,788 
- 20 
- 0.257 
- 350 
- 220 
- 5,475 

, - 65 
- 212 
- 193,377 
- $4,336.00 

* BASED ON A PRESENT FUEL COST OF $6.90 /MMBTU, A BOILER EFFICIENCY 
OF 80 % AND 2,600' HOURS/YEAR OPERATION. 

CHX HEAT EXCHANGER MODEL # 112B-A 3 
TOTAL HEAT EXCHANGER COST $9,027.00 

HEAT EXCHANGER DATA 

WIDTH 
DEPTH 
HEIGHT 
WEIGHT 

- 2.1 
- 3.8 
- 3.0 
- 285 

FEET 
FEET 
FEET 

. LBS. 

~-,l .. 
.:.~)!) ,'. 

,.I 
r-----' .' 

-------.:..-----------~.------------------- ~:,.:.,.:.. 
.... ,: . "" : - -, '\ 

ENGINEERING DATA 

HEAT EXCHANGER AREA (SQ. FT.,) 345 
U VALUE (BTU/HR. FT.2 OF) ~ 3.89 
GAS SIDE PRESSURE DROP (IN. W.C.) - 0.4 
AIR SIDE PRESSURE DROP (IN. W.C.) - 1.9 

~_. ,._.i __ 1 

~;:~ ~~. :~ .. ~: .... 
~~tI-:i~:'- ; .. .-: " ',' . " ·~-I 
r---~:? :;,:-: ,: ; ,::: "---, .; ... _ 

,,-,JJt/::/ "'/t-'--',-' - ' ~diil~,:::' L,_I_,_ 
-"'F;no ! ! i 

S-trll,:;:i' --1.-', 
eneral FIla 
ept. FIle 
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DESIGN 'SPECIFICATIONS 

TUBE MATERIAL \. 
TUBE SPECIFICATION ° 

TUBE SIZE (0.0.) 
TUBE WALL THICKNESS 
DESIGN PRESSURE (TUBE) 
DESIGN PRESSURE (SHELL) 
DESIGN TEMPERATURE 
SHELL CASING MATERIAL 
TEFLON COVERING 

FLOW DIAGRAM 

o. 

ALUMINUM ALLOY 6063T832 
ASTM B-483 
1.125 IN. 
0.035 IN. 
20 PSIG 
12 IN. W.C. 
500°F 
0.125" AL 
0.010 IN. (ON TUBE 0.0.) 
0.040 IN~ (ON GAS SIDE OF SHE 
81002-F 

SUPPLEMENT~RY INFORMATION 

The fact6ry startup service r~te is $450/day + travei and living 
expenses. This service is required in order to determine SYSTEM 
PERFOR~CE and to evaluate SYSTEM OP.ER~TION. Additionally, in
stallation supervision is available and at times required. Consult 
the factory for details •. 

Shipment is approximately 12 weeks after receipt of approved draw-
,ings. All prices are quoted F.O.B., Warnerville, NY, and are firm 
for 60 days. The Design Conditions and Expected Performance contain
ed herein are collectively considered EXHIBIT A as may be referred 
to elsewhere. 

Thank you for allowing us the opportunity to quote this CHX System 
for Energy Recovery. Please call if you have any questions regard
ing this proposal or if you desire' additional information. 
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O-DOT CORPOR?'" rON 
701 NORTH FIRST STREET 
GARLAND,TX 75040 

DATE : 22/JUL/1983 
T I ME I, 8: 41: 2 

'INDUSTRIAL DESIGN & ECONOMICS PROGRAM - 821130 
---------------------------~--~----------------~-------------------.---____ --l1li--_-- G~r'-Y'f7t:- ()K/{)ATI OIJ UNI'i'" 

------~-------------~---------~-----~-----------------------------~---

INPUT VALUES 

EXHAUST FLOW ENT(SCFM) = 5310. , 
EXHAUST TEMP ENT = 850.0' 
DRY AIR MASS FLOW RATIO = 1.35 
SUPPLY TEMP WINT = 12.0 
SUPPLY TEMP AVRG = 57.0 
NUMBER OF ROWS = 3 
OPER HOURS/YR = 6240. 
ENERGY EFFICIENCY = 1.00, 

PART = T SERIES = T COAT = F 
ENERGY SOURCE = OIL 
FLOW TYPE = COUNTERFLOW 

EXH HUMIDITY RATIO = .3500 
STD SUPPLY FLOWCCFM) = 5310. 
STD FACE VEL(FPM) = o. 
SUPPLY TEMP SUMMER = 94.0 
ALTITUDE (FT) = 10. 
ELEC COSTC$/KWH) = '.0600 
ENERGY COST($/MIL BTU) = 7.27 
MAX PRESS DROP = 0.00 

PLAIN FIN = T 

-------~----------------------------------------------------------~---

RESULTS 

HUMIDITY RATIO EXH ENT = .3500 
STANDARD FLOW EXHCSCFM) = 531Q. 
STANDARD FLOW SUPCSCFM) = 5310. 
-------------------------------.----------------------------------~----

THERMAL RECOVERY UNIT DESCRIPTION 

TYPE SP - STEEL 1 INCH O.D. TUBES WITH PLAIN STEEL FINS 

TWO SETS OF UNITS IN SERIES; EACH SET CONSISTS OF: 

1 UNIT WITH 3 ROWS, 5 FPI ON EXHAUST SIDE, 8 FPI ON SUP SIDE 

UNIT 1 = 47.0 INCHES HIGH, 72. INCHES LONG 

SUPPLY LENGTH(INCHES) = 36.0 
EXHAUST LENGTHCINCHES) = 36.0 

STD SUP VELOCITYCFPM) = 452. 
STD EXH VELOCITYCFPM) = 452. 
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DATE 
TIME = 
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----~---------------~-------------------------------------------------

. 
------------~------------------------------------------------------~--

----------------------------------------------------------------------
WINTE~ CONDITIONS 

INITIAL TEMP DIFF = 
RECOVERY FACTOR SUP DRY = 
TEMP SUPPLY ENT = 
TEMP EXHAUST ENT = 
ENTHALPY SUPPLY ENT = 
ENTHALPY EXHAUST ENT = 
MOIST COND OUT(LBS/MIN) = 
PRESS DROP SUP(INCHES WTR) 
PRESS DROP EXH(INCHES WTR) 

838.0 
.4907 
12.0 

850.0 
2.9 

709.2 
'0.0 
.84 

1.66 

CAPACITY LIMITED AT 10~ TILT 

TEMP SUPPLY LEAV = 
TEMP EXHAUST LEA V = 
ENTHALPY SUPPLY LEAV = 
ENTHALPY EXHAUST LEAV = 
HUMID RATIO EXH LEAV = 
DEW POINT TEMP EXHAUST 
HEAT SAVEDfBTU/HR) = 

423.2 
514.8 
101.6 
576.0 
.3500 
164.6 

2358185. 

--------------------------------~----------------------------------~--

SUMMER CONDITIONS 

INITIAL TEMP DIFF = 
RECOVERY FACTOR SUP 
TEMP SUPPLY ENT = 

756.0 
DRY = .4907 

94.0 
, TEMP EXHAUST ENT = 

ENTHALPY SUPPLY ENT = 
ENTHALPY EXHAUST ENT = 
MOIST COND OUT(LBS/MIN) = 
PRESS DROP SUP(INCHES WTR) 
PRESS DROP EXH(INCHES WTR) 

850.0 
22.6 

709.2 
0.0 
.91 

1.69 

TEMP SUPPLY LEAV = 
TEMP EXHAUST LEAV = 
ENTHALPY SUPPLY LEAV = 
ENTHALPY EXHAUST LEAV = 
HUMID RATIO EXH LEAV = 
DEW POINT TEMP EXHAUST 
HEAT SAVED(BTU/HR) = 

465.0 
547.6 
111.6 
589.0 
.3500 
164.6 

2127431. 

----------~-----------------------------------------------------------

AVERAGE CONDITIONS 

INITIAL TEMP DIFF = 
RECOVERY FACTOR SUP DRY = 
TEMP SUPPLY ENT = 
TEMP EXHAUST ENT = 
ENTHALPY SUPPLY ENT = 
ENTHALPY EXHAUST ENT = 
MOIST COND OUT(LBS/MIN) = 
PRESS DROP SUP(INCHES WTR) 
PRESS OROP EXH(INCHES WTR) 

793.0 
.4907 
57.0 

850.0 
13.7 

709.2 
0.0 
.88 

1.68 

TEMP SUPPLY LEAV = 446.1 
TEMP EXHAUST LEAV = 532.8 
ENTHALPY SUPPLY LEAV = 107.1 
ENTHALPY EXHAUST LEAV = 583.1 
HUMID RATIO EXH LEAV = .3500 
DEW POINT TEMP EXHAUST 164.6 
HEAT SAVED(BTU/HR) = 2231552. 

U __ ~ ___ __ 

~·:_i~ ____ _________________ .-----..: ___ _ 
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INDUSTRIAL DESIGN & ECONOMICS PROGRAM - 821130 
---------------------------------~------------------------------------
AF'TERBURNER 

. -------------------.--------------------------------------.-------------

INPUT VALUES 

EXHAUST FLOW ENT(SCFM) = 
EXHAUST TE~P ENT .= 
D~Y AIR MASS FLOW RATIO = 
SUPPLY TEMP WINT = 
SUPPLY TEMP AVRG = 
NUMBER OF ROWS =. 
OPER HOURS/YR = 
ENERGY EFFICIENCY = 

-

865. 
900.0 

.76 
.. 12.0 
57.0 

3 
62.40. 

1.00 

EXH HUMIDITY RATIO = 
STO SUPPLY FLOW(CFM) = 
STD FACE VEL(FPM) = 
SUPPLY TEMP SUMMER = 
ALTITUDE (FT) = 
ELEC COST($/KWH) = 
ENERGY COST($/MIL STU) = 
MAX' PRESS DROP = 

PART = F SERIES = T COAT = F PLAIN FIN = T 
ENERGY SOURCE = OIL 
FLOW TYPE = COUNTERFLOW. . 

.0450 
630. 

o. 
94.0 

10. 
.0600 
7.27 
0.00 

--------------------------------------~-----------~----------------~--

RESULTS 

HUMIDITY RATIO EXH ENT = 
STANDARD FLOW EXH(SCFM) = 
STANDARD FLOW SUP(SCFM) = 

.0450 
865. 
630. 

----------------------------------------------------------------------

THERMAL RECOVERY UNIT DESCRIPTION 

TYPE SP - STEEL 1 INCH D.O. TUBES WITH PLAIN STEEL FINS 

TWO SETS OF UNITS IN SERIES; EACH SET CONSISTS OF: 

1 UNIT WITH 3 ROWS, 5 FPI ON EXHAUST SIDE, B FPI ON SUP SIDE 

UNIT 1 = 13.0 XNCHES HIGH, 
( 

SUPPLY LENGTH(INCHES) = 
EXHAUST LENGTH(INCHES) = 

36. INCHES LONG-

15.0 STD SUP VELOCITY(FPM) = 460. 
21.0 STD EXH VELOCITY(FPM) = 460. 
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-------------------------------------------------------------~--------
AFTERBURNER 
----------------------------------------------------------------------
------------------------~----~----~-----------------------------------

WINTER. CONDITIONS 

INITIAL TEMPDIFF = 
RECOVERY FACTOR SUP DRY = 
TEMP SUPPLY ENT = 
TEMP EXHAUSTENT = 
ENTHALPY SUPPLY ~NT = 
ENTHALPY EXHAUST ENT = 
MOIST COND OUT(LBS/MIN) = 
PRESS PROP SUP(INCHES WTR) 
PRESS PROP EXH(INCHESWTR) 

888~0 
.5193 
12.0 

900.0 
2.9 

282.0 
0.0 
.89 

1.23 

TEMP SUPPLY LEAV = 473.1 
TEMP EXHAUST LEAV = 576.3 
ENTHALPY SUPPLY LEAV = 113.6 
ENTHALPY EXHAUST LEAV = 197.7 
HUMID RATIO EXH LEAV = .0450 
DEW POINT TEMP EXHAUST 101.4 
HEAT SAVED(BTU/HR) = 313751. 

--------------------------~--------.-----------------------------------

SUMMER CONDITIONS 

INITIAL TEMP DIFF = 
RECOVERY FACTOR sup DRY -
TEMP SUPPLY ENT = 
TEMP EXHAUST ENT = 
ENTHALPY SUPPLY ENT = 
ENTHALPY EXHAUST ENT = 
MOIST COND OUT(LBS/MIN) = 
PRESS DROP SUP(INCHES WTR) 
PRESS DROP EXH(INCHES WTR) 

806.0 
.5193 
94.0 

900.0 
22.6 

282.0 
0.0 
.97 

1.25 . 

TEMP SUPPLY LEAV = 
TEMP EXHAUST· LEAV = 
ENTHALPY SUPPLY LEA V = 
ENTHALPY EXHAUST LEAV = 
HUMID RATIO EXH LEAV = 
DEW POINT TEMP EXHAUST 
HEAT SAVED(BTU/HR) = 

512.5 
606 .• 2 
123.0 
205.5 
.0450 
101.4 

284779. 

----~--------------------------~---~-------------------~--------------

AVERAGE CONDITIONS 

INITIAL TEMP DIFF = 843.0 
RECOVERY FACTOR SUP DRY = .5193 
TEMP SUPPLY ENT = 
TEMP EXHAUST ENT = 
ENTHALPY SUPPLY ENT = 
ENTHALPY EXHAUST ENT = 
MOIST COND OUT(LBS/MIN) = 

57.0 
900.0 

13.7 
282.0 

0.0 
.93 PRESS DROP SUP(INCHES WTR) 

PRESS DROP EXH(INCHES WTR) 1.24 

BTUSSAVED PER YEAR = 1858.59 
ENERGY COST SAVINGS = 13511. 98 
INCREASE ,IN FAN HP = .35 
INCR FAN OPER COST = 107.43 
NET OPER SAVINGS = 13404.55 

TEMP SUPPLY LEAV = 
TEMP EXHAUST LEAV = 
ENTHALPY SUPPLY ~EAV = 
ENTHALPY EXHAUST LEAV = 
HUMID RATIO EXH 'LEAV = 
DEW POINT TEMP EXHAUST 
HEAT SAVED(BTU/HR) = 

MILLION 
$/YR 
HP 
$/YR 
$/YR 

494.8 
592.7 
118.7 
202.0 
.0450 
101.4 

297852. 

,-~-------~. ---~ 
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'J 
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f] 

·n 
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'"j 

tl 
U 
'J. 

l] 

~J 
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] 

J 

'.' ,DESCRIPTION 

}/£~r El ".J~"~. 
FaJ( FBI /)/lUr' 

J tJ.s w .. rt:. /1611T 

~ )( '" llll.lt ," ,.,. 

lO" PJ~X 
lOll (;../fTrIJIJt.v~,$ 
10-""6"'" /lJEcl<s 
10" ((()f; EIAnw~ 

.)0" '6. . tli ':LAO'.#J~ 

/N.5u'-'rrl£. 2.0' OF I~" 
" 

P,fe 
7Or4, 

. D£s/Ir-/IJ (~%) /' 

1iIx .(5'0) 
liAA~ I~. lIs tr}, 

~ :. ' .. 

~~AJ&6""UtJI:JITlON~ IJa', 

'I{()",~ I . /V)A~tt:. {jp /2s 'Q 
LoN7JN.~C 1£5 Izs~) 

QU~Nr.ITY 

NO. 'UNIT 
U,",IT. iMEA •• 

I Ell 

I L6 

. 2~ ILr 
2- $11 
4 tr:r 

2 IER-
z.. E/t 
/ . L.s 

, 

L~aOR· M~TERI~L 

PItR 'PER 
TOT~L 

UNIT 
TOTAL 

U'NIT TOTAL. COST 

44QfJ 2.2 000 r :2..64-(}O 

'JS30 ,444 /974 

6,15 ;6 () 1"1 127'4- 1434-
2JS 42JO 

'. 

450fJ J.25'tJ 4'130. 
€I . 32-4 JI:BS 740 /1)'4 

" Zf) I . 3.35" IOo,~ . J ZO, 

' '7 J ~4- ~~O 720 i,BS4 
B4e '244 // 0.9 2.-

,1&02.7 ~'30q2.7 3B'154-
482.. I fl5' 283"8 

, ., 

.' r.t;;" 4. G, 15"4 ~ 
I t.()./J. 12. 04-

q7/3 3432q 44042 
'17 J 

, 
4+04-3433 

. -

lo(,a4 :317/'2- 4- 8 44~ 
2.'71 ~4-4 I t 21 It 

/..335'5 R-72. 03 t" o~s fA 

3339 J I ~o 1 . /514 (I)' 

I h " 44 . sit 004- 7£' , 9
c 

. 

-

Total This Pa e 9 
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. DESCRIPTION 

H&H !&1'"Ji'lA/, ri J7j;(.;., 

CAtllt. vr/~ 1J1'''' A_M N .. 

t)Nl'r 
IB" .5cIL,lJO E~Bf)w~ 
,.B'f n.,AIllr,.E!. 

J N~ U(.IJ'TION 

.:i;PP()Jt!..,IIV6- $T~"e.1<1JtJ!. 
. TQrA~ 
Pe-MJrN (G ''If)) . 
Ti1:x (~'1'o) 

LAMIt.. /"$ ~IlA~' (IS %J 
) , 

6-e1lJ1!t.1J~ CuDmo,J.~ flo %l 

~.;,. ~ ~, 1lJA1C~-(/p ('25%) 
","" 

{tJNTlN(~r=N CJii:S lz 5 '70 ) 

QU~NTITY 

NO. UNI·T P'ER 
U",ITS ~EAS. UNIT 

I lEA 

" 

2. &19 1/7. 
2- t/l ZlPZ 

22/ 5, /3/JS 
/ L.5 

';I;~'- " 

• 

l,.A~OR. MATERI~L 

'PER 
TOTAL 

TOTAL TOTAL. COST 
UNIT 

6200 .2b{)()O 3/20D 

.. 

'2.34- 72~ 14IJ.c /':74 
524- $~I) IOStO I' 04. 

~ttfso Z,8() "et ~,..,q, 

/0 ~2. 3$4 I 4 I ~ 
10/70 2Q4C(3 3d! 4 ~3 

5&rf g 1770 23 (p 7 
, ! 1474 1471 
/4Q" 14 C/'/, 

,. 

I'ZAJ '4 32]:, 7 44g0o 
120ft> 3Z74 44~o 

JJ2. 70 3'tJl J . 4q?~a (') 
33Jfj ~()O'3 , 2.3 'Z, I 

Ib5S'] trio ')J 4- to/hOI 
4147 IJ 254- '/5"40 I 

2..01~4 '~6 z ~ S 7700Z. 
I 

. 

-

Total This Page , 

.' 
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. DESCRIPTION 

HEItr &e.H~ "Jt~1 
, 14 6(;/'1 La 5. S .. 

8 II s,rtr/rJ("'!5~~ &.-J/l~ 
. '" 6.s 

,Bt( .5~ S, TPe 
6/ S. 5. Ec..f3ew 
.5';P'(J~TIN'" ~T~IJt:..7/JIf~ 

.lor~1.. 
D&Sl6-N (~"/D) 

/ T,qx ($90) 
. UJ&1t IN.~bA.ANt:.~ (ISfIJo) 

. - . , 
Le~/&~#U ~lJrrf(JNf.. (}o%) 

1'1)I'I7RM..T~~ ,fJ"l<k~" f2s~ , 

/'J)"'TI"'t;.~1tI t:.IS (2E~) ., 

: 

, 

QUAN1;ITV 
I 

PEA NO. UNIT 
U!'IITS ~EAS. UNIT 

I ie" 
2.0 iF 20 

J . e,., t· "-

30 IEIt let' 
/ &4 
I tJII. 
I its' 

LABOR. .ATERIAL 
TOTAL 

PEA 
TOTAL TOTAL. COST 

UNIT 

337 /68a. 2-o2er 
4(){) .32- 640 I 040 
ltto 27,~ z.e:r6G 
120 $, ') I?I z 9 J 
2.45' 700 Ci45" 
JU) 

." 0 2."10 
'100 3(;)0 12.00 

l:3/2 t;43~ J 7 s-/ , . 

) l> GJ ~g/; . .52$' 
32."2- 32.2. 

'347 ' 34-7 
l.7Q ~ ?147 ,<1 q 45"' 

2. go 71S CfCfS" 
.;3078 79 lA2. loq4~ 

770 ./q, ~ 273S' 
3&4 g qg Z ~ 1 3 (, 7 ~ 
q(oZ 2457 34 I Cf 

4-f I rJ 122 g ~ J 70 q 4-

-

Tota 1 Thi s Page 
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DESCRIPTION 

H6R1' £XI.LJAM/~'_! 
(1., 111.1 J sT I (),J IIh 1117' 

.1£Jf ,l.ut!""IL J!;t. MIJD# 
II? B-A]. 

Srt4It~~(jp 
.LOt'ItL' 

iJC51&N (r;; 'f,.) 
TRr (5%J 

'1;'4"'~ k5V(('MJ~ (/5?,.) 

'CF.A'&'~ UwQnolV.J (/0"/0) 

/"".- 'n~mlJl(k.-rJp (25'" 

I'PNfI/II6-eNt::..t~," (~GrD) 

'" 

QUANTITY LABOR. ., 

NO. UNIT PEl' 
U!'IITS ~EAS. UNIT 

TOTAL 

t It /I I gos-

, is. JnO~ 
'leOS-
t~9 

4Z.t> 
~.3q .3 
~a,9 

3 ' . .3 2-
q .3..3 

'1 6 ~ 5 
) I 6 " 
5~3J 

MATERI.AL 

. PEl' TOTAL 

UNIT 
TOTAL. COSl' 

i q~27 IOg3L 

- I Of:) 0 

Q02.7 J I'B3 2... 
542- '~ 7t ~ 
45/ 4§1 

! .... 420 
100 Z fJ ',141· .3 
/002. /:3 4- I 

I'f) 2.2 1475'4 
2.1 s6 .3 ~ ~ ~ 

l~ 7 79 jg4-4-2 
.:344-4- 4'1" 

J 7 z 2. OZ' Z306'2.. 

/ 

-, 

Total This Pa e 9 
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EL DORADO ENGINEERING INC. 

Mr. George E. Bergen. 
1139 Olive Street 
St. Louis, MO 63101 

Dear George: 

HAZARDOUS WASTE SPECIALISTS 

July 19, 1983 

Please find enclosed copi.es of the letters we sent to the Corps 
of Engineers, ARRCOM and Western Area Demil Facility concerning off
site disposal of Indianhead wastes. Also enclosed are references 
for the appendices to our Task C report. 

We have contacted the Ammunition Equipment Office and they will 
be mailing you original copies of the reports. Our appendices are 
abridgements and modifications of the reports with our own excerpts 
so there may be some minor cutting and pasting to use the reports 
intact. As of ye~ we have received no answers to any of our letters 
other than the one we forwarded to you from Ivan Tominac. 

RWH/gh 

Enclosures 

--i-'-;~-~ 
~ --"--
. ,,' - --

- . .~-

, • '1'- ~ 
' .. __ ... - --.-. , , 

~-.,..-~-
l __ ... ·· 
~.::.: r- ", 

t;~t:-·;:·· ~;.~- .. --! 
p;i';Sr.T:< I 1 I 

Sincerely, 

J7r~Y 
RALPH W. HAYES 
President 

{NC. 
...... . ......... 

REDWOOD PLAZA • 3460 SOUTH REDWOOD ROAD • SALT LAKE CITY, UTAH 84119 • (801) 973-0360 



l1 
ct 
f] 
Ij 

I. ·· ... 1 
. :) 

; t 
.' .J 

IJ 
CJ.· 
~-

j] 

'] 

J 

EL l)Oll.A.I)() }4~NC~IN]~~I~~I~ING INC. 
fl/..zArHlOUS WA!.TI SPECIALI:;TS 

Mr. Herman Baren (DRSAR-MAD) 
U.S. Army Armament Materiel Readiness Command 
Rock Island Arsenal 
Rock Island, Illinois 61201 

Dear Mr. Baren: 

June 22, 1983 

E1 Dorado Engineering is currently performing as a subcontractor 
to Booker and Associates to provide il l;tudy to the Navy addressing 
their propellant and explosive disposal facilties. Part of this 
contract provides for our investigatinr. off-site (lisposalservices 
within other goverrunent agencies. Ar~ y()u aware of any facilities 
which you believe could provide a disnosal service for the propellant 
and explosive wastes curr.?ntly g,ener;'l.t(!d at Indianhead? If there'is 
significant interest, we ·.JOuld [;lad ty provide d~tails as to the type 
and quantities of material for which 'tisposal services may be desired. 

RWH/gh 

Sincerely, 

RALPH W. HAYES 
President 

REDWOOD PLAZA. 3460 SOUlH HEDWOOD 110.0.0 • S,\LT I_AKE CITY. UTAH 64119 • (601) 973-0330 

• 
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EL DOR.A.I)() :ENC~IN1~1~1~INC; INC. 

Mr. Jerry Gregg 
Department of the Army 

HAZARDOUS WM.T( SPECIALISTS 

Huntsville Division Corps of Engineers 
P.O. Box 1600 West Station 
!-Iuntsvilie J AL 35807 

Dear Mr. Gregg: 

June 22, 1983 

El Dorado Engineering is currently performing as a subcontractor 
to Booker and Associates to provide a I;tudy to the Navy addressing 
their propellant and explosive disposal facilties~ Part of this 
contract provides for our investigatin[,. off-site disposal services 
within other government agencies. Arl'! you aware·of any facilities 
which you believe could provide a disnosal service for the propellant 
and explosive wastes currently generated at Indianhead? If there is 
significant interest, we ~ould gladly provide details as to the type . 
and quantities of material for which disposal services may be desired. 

RWH/gh 

Sincerely, 

RALPH W. HAYES 
President 

RF:DWOOD PLAZA • 3460 SOUTH HEDWOOD HOAD • SALT I_AKE CITY. UTAH 84119 • (801) 973'()330 
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INDIANHEAD 

Appendix 3: "Explosive Waste Incinerator" taken from ammunition 

Equipment Office Report 19-79 "Design Analysis for Explosive Waste 

Incinerator" dated June, 1979 and prepared by D. B. Hill. 

Appendix 4: "Contaminated Waste Processor" was prepared Mr. J.R • 

. Clayson of EDE with exceprts from the Contaminated Waste Process design 

specifications authored by the Ammunition Equipment Office, Tooele 

Army Depot. Approximate date 1980. 

.,.~.- , •• , .-.-, _ •••• - ••••• ~ • £. -.-•••••• - •• -7/' ... 
_. --.~.--.---- ---~--~----~~---
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Engll1eers Architects Planners TELEPHONE LOG 

Project No: £-22.78 
Project Na,me: O"ftJH~dcc /JISl'os/},- STUI)Y 

From/To Company: , 5 C A St:/?V/CE S 

City, State: ,80ST~V. /Y/I9SS. 
,,' ,I 

Individual's Name:, M/I. 130YLAtlLJ 

Distribution: 

Date: 

Time: 

---

:IfllY '12.., 1283 
I 

/0--30 AM/_ 

Phone No.{area code): (617/-3(, 7-8300 E~r c,oS \ 
Subject Discussed: ()IS;:;oSIiL. ' OF 1l1if!.1}/(/)OI/S J1!IJSTErRoh1II(1J11111 IIE/i/) 

O/rIJNAIICG 'STATION 'oFr'811SE /IT 'jJ/?IJ/ATE //V/)USTAY' 'SITES: 
• 

1I10tlLtJ ' VTII..IEE 

ITS ,CHICAGO IIVCIt!EIfArO,f rOI( ~OSS/~t.E /)/S;oCS/JL,. , Or 
Vl/I'1STl-- 1'/?~l'rt.LIJ;/TS FA'Ii/N '1Ilt/IA/! /lE/JLJ~ /Ie /?E/TE/f/JTI:7) 

TI/t9r SC,4 WoVLIJ#AVE TO ///lJ/E S/1A1~LES rJAlJ}/J!/ 

/JI¥I1LYSIS , or E/JCHTYftE 0/= ~/lO/'£lLAI'IIT /,/?/(J~ To THC'T/?7AL 

'-\ gu/(N. 7I1c/,cSSI&/./7( E,f(.rrs ,T//d1"StJMIir OrT/II; C(i/it/1(1sn"'S' 

U ~aI'E.ra/l::73 PI/CNT /),IJ/ifACOE :#t:LJ:t:r~,<J(!.TMl LIAlI,vC

S
" Or'T///:: 

, 'i(;TA~~A7LH' /NCII'//i/?I}TO,f, /7'£ /1 c/TG,'ATELJ T/I/}T C/} SE/tY/CE"5 
(-1 

"'] 
!-

\J 
l~cJ, 
<~ 

LJ 
.J] 

,) 

WOPu) 13£ VE"-1'Y /lA~/'Y TO MEa- Wff# 80$1[1:,{ /)H~ T#t: 

/YAy fiT 11I/)//lQI!E,1"rO FII/?T1IM ~/Sc"SS TilE /J'/hVTEI!' AN" lXV/IE/) 
Docli /l/I~ Till!' /lAt/ ro Ilts 'FC!,r SC!A SEJ\V/cIiS (illICA(ie /tlCltlL=IfI}TO~. 
Is Action Req'd By: Booker , Party Above Other ----
What Acti on Req'd : _________ ,.....:.-____________ _ 

BY:.~e.~~· 
. Note: ' Please complete eachite~ form • 

-~ 
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Distribution: ---
Engrneers Architects Planners TELEPHONE LOG 

Project No: E - Z 278 Date: ::7(.1,-/ ~/ J 83 
/ 

Project Name: O,fIJ/f/)/'/c!.1: . /)/S~()SAI. 'SruIJY Time: / /30 AMlPM 

From/To Company: dOLLINS' EHVllfoK/HI.:#7l1L St:;.{'V1CE1 .TlVc. 

City, State: . W lLAt/NeTo/!/, /)EL..... . 
1 

Individual's Name: fi1jf /3/f'j'A# T.R/J/h'q;f 

Phone No. (area cOde): (302.) - 127-2700 
Subject Discussed: /)15j3oS19/..0F I/I'1i!f.AIrt>OV..s. W..4STe F/?oA4 //ilIJ//lNI/EI)/) 

OlrtJNIJHCe S~710NOF;: t9/tSG /)r JJ4IVATI:- /A/tJ/lsr/fY $/T£S: 

A1tf TAAYrf.o/t S/JIO TH/Jr /lIS C()I'I1~AIVY C{)t/LIJ /OSSIL}t.Y , _ -. , _ c 

,t)IS/'O,SF Or WAST~S ~()M /Nd/-"JN'· #&~.. ll/E,Y HIJY(r TAKer 

AOTIt4( d'Ltt/ /Nr!/NI.:/P/lT~/?S 'Lcf!p/i!1J /N &9T/}P'/ /lc:vc~ LA') 

/10" ST(JNj Tt:I/l..S"A AI/I) &?/~CI:/,()/.'r; N .. 3: L3~AAt: /.,fEcE~/#C-

A J./ . / til r-UtfT/lI:/t TI/£.WdVlJJ A'e,{/IA'I=- /J C()A1~l.eTG' ~~SC/l'//'T/(J/;/ 

'AII/J CI/b11Ai1t.I'JI/I'J'YSI: . 0/= AI..LT#1i: /W197cif//)lS /'It''~MqT/(e::, 

NAV)':. /Ie SA/~T#Ar. #G W-(J{/~ SEIV~ /l1E. A Co//, fir 
THE' flJ(/E.sT/O;V)II1/~E T///IT WOtl40' /pIVE 7P lie- F/Lt..El) O(.lT. 

ar 

I/E AdAlIJWl£/J(;ct} 7/1.1; SCA SlIif VlaES . AT 171'14 C'lll'crJcf) /ll/0 A'Efi'IJTOA 

/lNI) EHSC{J /lr TII!://( liTTLE A'ot.!Jt/ /JRK ///!!ldEI(AT~1t CO{)LIJ ALSo 
/dTl:llnAIJ.Y HI1J1(JLG 7/17:'. 7/liZ/)/jVO{)(/S WAS. rl: rAo/ij/#/)I/}1'/ /IE!)/). 

Is Action Req'd By: Booker Party Above . Other ----
What Action Req'd: ____________________ ___ 

. BY:fl~ e. }~~ . 
Note: Please complete each item on this form. 
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• 
June 20, 1983 

Combust ion K1neti cs Corp_, 
1416 South Big Bend 81vd. 
St. louis. Missouri &3117 

Attention: Mr. Ed Schmidt 

Dear Mr. Schmidt: 

• 

Jle: Heat Recovery StudY for 
Propellant Disposal Facil1ty 
Naval Ordnance Station 
Indian Head. Maryland 
Chesapeake Oivision. Naval rac111t1es 
Engineering Command 
Contract No. NS2477-80-C-0441 
Booker Project No. [-2278 

Enclosed is information on possible beat recovery systems for the Indian 
Head Propellant Disposal Factlity. As we discussed, we are in need of 
information on the cost of heat recovery equipment as well as potential 
energy sIvings of econom1cal1y stzed equ1pment. Information on equipment' 
size for general layout and equipment specifications \tr'Oul d 1.1 so be 
helpful. 

Your'''cortti'rtaed ass istance on·, this project 1 s appreci ated. I f you ha va 
any questions. please feal free to contact this office. 

Very truly yours, 

BOOKER ASSOCIATES, INC. 

tJfoJ#~ 
A. Jos~ph Younger 
Meehanieal Engineering Department 

AJY/dlk 

Enclosure 

bec: General 
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Eng!fleerS Architects Planners TELEPHONE LOG 

Project No: __ E. ...... , _-_2._2._. -::7_8 ______ _ 
Project Name: O,ft7IVI)#CG~/SI'OSAt.. S7V.tJ'y 

--::From/To Company: S C/t SE"IfV/C£S"' 

City, State: . ' gosTOd, 414SS. 

Distribution: 

Date: 

---

:T(JNC' IS; "83 
I 

Q:30 Time: / AM/~ ------

,. '/ .. " 

Individual ' s Name: ., /YI,f. .BOYL.I9HLJ 

Ph~ne No. (area code): . ~/l) - 3t,f"';'8.3.o0 eAr COS, 
Subject Discussed: {)/S~a$/)l.. oE /l1'9Z/JA'lJO(lSWASTcr/?CM /A!(}/tI?N' //EAIJ 

. -
aR.,&/I/;iIIC£' ST.1T/OI'/ Orr .8ASG r;r //(/VJI9TI: /H.{H/STtfY . S"TES o· 

• 
A1~. /iOYI.AIVI) .sA/~ TllAr. T/I£ TEO/KdLOC}, E~/S7S/J~/~ T/lq ///SCOAJ/'/,)/,/j' 

AI//) . n/o CT/I//lS (E//SCO . L6cA7(~ /ir LIn:./? /f~c/('. A£A" ANt) /? OLL/~'.s 
. . / 

l~c?llR 11/ ~t.1... /07&/r/FI.LY C~v~ /}1,S/6Si:.- OF 'As71:S F/(OM IH/)//I~ 

I] /lI:7JO. HOI;'~I'£~ oAlE OF 771E COAV-1,vIES WwLd ;::·U.rr I/,wr- n C~A!4~cr A 

c] T.(/III..'AP/ilj AT 771E"/yAV)do E V'EHSC
j 

1/1 ()/l/JE~ TO .0$7711# rHt: I/£CESS/Jlfr /JAm 

IJ' L' 

i [} 

U 
U 

o 
!.J 

J 

Fo( ,8/tJIJIAI(i ·Ot-//F Y6M'LY J)/S/,oSAL. .c///J,fr;~ ... 7h'e WIJSIl7 /}fol'i"LL./M/T., Jl'~"/..I) &W~ ," _.' -

To At: jJt1C1(AC£/J /1/ CtJ/r1$('ST1$1.€* COI'IT);//IE/lS TJlrJT #'0 tiL/) ~I: ;=c~ Iff 0 71IF ' 

/HCIHEA't9TOA'S, nYAi.. ~().fK:W4lll'" ///lV'E To AI: Et/Ll.Y IIIST.,fVA1E4/TED All£) 
• 

W"'it!E.t:Sif~ .8)1111/ 11/~ctJlili~(.rn- IKsteGT/~d 71lJM.· me HI/flY w,tlU) !lAVE" TO 

/JfCVIIJI! 5IJ/.ll'l~.J/JI/.1 AN /!NAq'SI5 Or EAc/I rp£ OF l')tJ!c/.Lt91.1r /A/o/{ To TIlE 7)';111. 
~lItfll. /!E"/tlllimEllr f)ISI'4SItL. lJrctJLIJ, ;;fiaJ3fJ.6t.Y /(EP()//tt: IrI1'i,//r/;1!. /}T 711[ S/li.:: 

Is Actlon Req I d By: Booker Party1\bove ' Other ----
What Action Req'd: ---------------------------------------

BY: 22/~ c.. )~ . 
Note: Please complete each 1 eon this fbrm. 
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Di stri but ion: 

Engrneers Architect 5 PlannerS TELEPHONE LOG 

Project No: e -2.278 . Date: 

Project Name: O,fIJH/I/'/cE" /)1.5;;0$19/. STVbY Time: , 

From/To Company: .8A'OWN/NC rE/?/(/S 

City, State: ~O,fT /iIfT//P,f, TEMS 
'. . I 

Individual I 5 Name: . CL./F"F /I/JA'tJy· 

Phone No. (area code): . (tOt) - 722 -1'388 

---

:rUNE 'il J83 
/:1-5 ~PM 

Subje~t Discussed:f)IS;>OSt2l . OF 1//iV)/(/JoVSW/JSTG FA'olrt jAI!JI,IJ¥ 1/69/J 

O,f/)/lMcE STIJTIOII fYF /iIJSE/iT fllP/yATe . 1I1/)(/srlfY SITES: 
. .. 

/#/7/1 EAI'Sco TII/}T AlLOWEfJ . ~/ltJWNIHG F£/?A'/s To tiS€' , .... 

EHSCO S . El /)€,fA/)() IUC'I/.rli~/lT()Ir. . UTlLl"rl/,/C TillS /I/?I?/)~/Get1fE/l7. 

h'Gr€l.r. T//!J,T MeW-NINa FEJr/i'/SfA/otlI.IJ J9E ,/;$LIF' TO } 

IJIS/,oSE or W/)STES. r/?OM ·III"//)~ /llilill H~ Sll]lE{) 71llJr 
HcW()(/l~J.I,t'/? ···S/J/H,'JLES/J#IJ ;41011£ IIIF4~/t11177lJd Od. ElicH. 

7yt£ OF YI'AJ7£ J>/lOI't:LI.AIVT tSEFo/{1? I'AEC£IlIIY(A rv1TIIC-~ ... 

Is Action ,Req'd By: Booker __ _ Party Above __ _ Other ----
What Action Req'd: __ ~ ____ ~~ _________ ,..--_~ ______ _ 

BY: ~~Cr 2tfi~ 
00 

Note: Please complete each item on this form. 
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Distribution: ---
EnglfleefS ArchItects Planners TELEPHONE LOG 

P roj ect No : __ E..;=:-:......-_· -,-2_" _2;:-..~.;:=:: .. ~~ _________ _ Date: ~(/tlt: ~ / J 8.3 
" .. / 

Project Name: Oli'tAlA,yCF LJ/S/ltJS/JL S7t1LJ/ Time: /0:30 AM/_ 

From/To Company: tiS.. I)E//J/!TA1GVT OrT/{ /l//sI'O~r/JTI()# 
City, State: . :TErFEl;sal'/ Clr/, t11 o .. 

/ 
Individual I s Name: /illlrl3 /( Ii S/E s.s /ttftJ 
Phone No. (area code): C!I& G3 C - 7/ O?-•. 

Subject Discussed: flO. To ;feG't/I./lT/CH$ .GOVt/'f///tI'G 77A;;-:sA'!/l;:)7/~1i 

Or I/Ai!AI(/JOtlS' W,ASTGS' TA'OA1 /H~//IN /I/:/)/) OA'I-1A1'A#CG' 

Fo/t OF;:: /J/)SE" /J/..s/oS/JL t-l CF,1 
/A47S /00 -/l! (}oVD1;v1·. 7/1t: .lVAV,Y SI/PClI..~ 

//)/;;711//')/ yVI/Ec/fL-- 711C-' t/;tJ/j'/cvS 0~S7cS hILL, , 

<:....;/I1_V_..L..7..;...:/)~Ii..:::...L=-tr_--.:-/.....:....?:~c....:.... .. ....:..../_0_/_· -:---o:.....::r:-·-__ ,...::-.S.-=-'/~C....:-:7/=-· . .:...:.~#..:... .. _' ·---.!. .. --,-~1~7-=t!=-. ----!:.o,/'~ 

# . 

1h.1,f/'~t/S CIIC"II! /r- /lL 

Govm/~ /laW 7!/EY 
J 

Is Action Req'd By: Booker --- Party Above --- Other ----
What Action Req'd: ___________ --,-______ ~ 

~. . /1 / /.:> . ?.,/_ ./? ,,~, 
BY: /J~~~-- 1:.--'. /U~V.../ 

Note: Pl ease complete each item on4~form. 
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Engineers Architects Planners 

Ju.ne 7. 1983 

Rol11e Johnson, Inc. 
180 ~le1 dman Road 
Suite' 225 
Manchester, t,m 63011 

Attention: Hr. Dan Plank 

./ 

Dear t1r. Plank: 

Booker Associates. Inc, 
1139 Olive Street 
S1. Louis. Missouri 63101 

Cables: Bookconeng 
(314)421-1476 

Re: Hoat Recovery Study for 
Propellent DispOsal Facl1 ity 
Naval nrd1nante Station 
Indian Head t~~aryland 

" Chesapeake Division, Naval Faei1 it1as 
... Engineer'ing Commancf '. 
'" Contract No. r:62471 .. eO-c-6441 
.' Booker P'roject No. '!-2278 
.1.)' l/II ... .it ': 

Enclosed are completed data forms on possible heat recovery systems for the 
Indian Head Propellant Disposal Facility;. As we discussed, we are in need 
of information on the cost of heat recovery equipment as well as potential 
energy sav1ngs. Information on e:quipmentsize for general layout and 
equipment spec1 f1.cations \'Joul d also be hel pful • 

Your continued assistance on thh project is appreciated. If you have 
any questions. please feel free to contact thisoffiee. 

Very truly yours, 

BOOKER f\SSOCIATES. mc. 

tJ;f!!:~f 
A. Joseph Youngnr . 
Me~hanical Engineering Department 

AJY/atw 

Enclosure 

bee: General Jo b 811 e 
Read1ngFile 
~~) 

\ 
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Jeffrey Manufacturing Division 0 Dresser Industri"es, Inc. Please Reply To: 

P. O. Box 3080 0 Greenville, South Carolina 29602 ST. LOUIS DISTRICT OFFICE 
3555 Sunset Office Drive 

Grandel Building. Suite 209 

June 6, 1983 

Booker Associates 
1139 Olive Street 
St. Louis,Missouri 63101 

Attention: Mr. Bill Wassmund 

Dear Bill: 

St Louis. Missouri 63127 
'Telephone:, (314) 822·7117 - 822·7118 

Confirming our conversation, the unknown nature of this 

material makes it impossible to give any recarnrnendations. 

Harrmermills are USed on a wide variety of materials, and 

it is likely they "M)uld do this job. 

Harrmermills can be run anywhere from 500 RPM to 1800 RPM 

(depending on the job and material) and are often used 

with a water'wash. Harnmermills are capable of reducing 

many materials from 8" to 1/16" in a single pass. 

A conm:m arrangement is to have the mill set up with 1/4" 

screen bars, run the material over a wet screen and re-

cycle the oversize back to the mill. 

Please call if I may be of service. 

Yours truly, 

;3~~~ 
/ 

William S. Graessle ,A''-/L 
Branch Manager 
St. Louis District 

WSG/bk 
Enclosures 

Phone 803/28'8-7324 0 TWX 810-281-2323 0 Telex 80-5105 
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Booker Associates. Inc. cables: 8ookconeng 
1139 Olive Slreet (314) 421-1476 
St. LouIs. MiSSOUri 63101 

TELEPHONE ·CONVERSATION·· LOG 

CITY" STATE:.JJ-.n.dr;b )04s~~ ( ~ 
PERSON/TITLE: . ~4-A-"'?Vcr: .3 0 / -743-45':.3 d-.. , (J . . . 

INITIATED l-RoEOCEIVED CALL: __ ·""'-ffi...;......;·'G=.··_··~a..::;·~·t:.;;.;..-<'~_/.=.-.;....../;;..· _________ _ . " . 0 

ITEMS OF CONVERSATIO~ I ACTION TO BE TAKEN: 

-'-~ &/4£ ~ r~u /~ .. ~;"'A'~'" ~. 7'4 
~A (+q$2: I~ . ~. ~~ -t2 7f'4<p"-=uA? 

> -<6 ..qcC~. .<6 .-tH-<, -~ flu, hLr-T- t"«4: ~0 ra 

(ac:rr:?f2 . dAd.· a,h.., /&ad.- '/.:-0 ~ es--L~~~, . 

;2, ~~. c&-c~4~~ 
3 ~,& _________________________________ __ 

4- dt:A--~~ c/t .. ;/J-t2d 
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PROJECT NO. 

SUBJECT: 

Booker Associates, Inc. 
1139 Olive Street 
S!. LoUIS. Missouri 63101 

TELEPHQNE CONYERSAIION LOG 

--
Cables: Bookconeng 
(314) 421-1476 

,£~ .2....Z78 '. .' TIME/DATE' '9:::'~'~' /QY3 

U/e4<v ~~/~~ kt/~ Il~~ 

--"---------------- ---
----------------------------
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Booker Associates. Inc. 
"39 Olive Slreet 
SI. LoUIs. MiSSOUri 63101 

TELEPHONE CONVERSATION LOG 

.........,~ 

Cables: 8ookconeng 
(314) 421-'476 

PROJECT NO. 

SUBJECT: 

-..>E ___ -..-,.& ..... 4,""'--'-7.=&________ Tl ME/DA TE /v1/1y 3/, 11' tf 3 ' 

ORGANIZATION: 

CI TY" STATE: 

PERSON/TITLE: 20 Z- -4-33-3260 

INITIATED / RECEIVED CALL : 

ITEMS OF CONVERSATION / ACTION TO BE TAKEN: 

r~F9:Jt-L~ WIN c tiJc./~.s 77();r.)5 .. 0 

/) rS '/H-F4; .4 A/d.,/YP orv/Y#r/1' WI Tit GRe?~/N'De(./t;:S 

i) /t/f"~ 1-r£.Li.::d1:? /fAN L-VC;jC CIfT7l,JC Co~,y tJ~ NAVY 

SAEltT'-/ >'V"'iNtAI~? A-A/Sw,za -NO - S/)LL 712y~ 

, 
G dC 1 z: yv?J ~ .7" 81'Z J1? !p L-;O et/L- 9 

1'J7"7rh'/2;. C(/h:lhr&J7:S: 

___ ~~~~~d.~~~~ __ h1Ay~~7!~/~f~-~-~~=~--------------------____ ~ __ __ 

-~ . .)._~:t:L"-L!:?_.4 zt{#i? --LU?au. ~ 4-""/0 vt~ P/l~·£...L)Te/~. :I 72'( D r//~, 
___ ).;1 Y_~P:r..FNzz.~---i::.C..,.f.s ~_TO tvAl'T (/,4./'1'- 8£Sr O£A-rT, 0 F' Pt7t¥2T 

:ol 

,_.L.£.-_.w.£lIJ:U.1l:€:~:...-L!t.~_~~_ ~.4h1/H~A.lrr A£IF ~ECE/t/;~ • 

...3)JI2 i.J...!!1<" /:; .-£/ILe... ~'y/# t; 7ZJ ~ ~7 ~ ,:otPy qe :rNCR5,n~Nr I 
;CcJ tV £) F.P I'll CJ D S 7'7> .:s£"-I D (/S. 

BY' 4~~~ 
. . _________ . __ . __ ,~. . .. ~._._~ .. __ .,._~~_~ ___ ~ _________ C!_._ .. __ ~_._._~. _____ ~ __ .~ . ___ _ 



fl 
[J 

[J 

o 
n 
i] 

r] 

DI 
rJ 

\:l 
I 

11 
'~ -

l] 

U 
l-l 

[J 
U 
lJ 

.U 
1_';'· 

Di stri but; on: ---
Engrneers Architects Planners TELEPHONE LOG 

Project No: E-2278 
Project Name:· Of'~/VAI'ICe L)/5/'a.s/J/.. srI//} Y Time: 2~· / S ...o.MfPM 

i 

From/To Company: /}lIrA/::- C CIf'/' 

City, State: 0 A1c.-·L&J#'. VA. 
Individual's Name: . G/flG V06EL 
Phone No. (area code):· (7l)J)- 827-(.000 

, - f 

Subject Discussed: f)/S/'tJs/Jt,.OF /IAz/J,f.tJOflS WAsT/:- F'I?(JAI /1'/4//11/ /lEA/) 

QIi''pA'/?/Ia:- . STAT/OK OFr IJ/JSE /JT.//(J/I//JTF /A't!7I1STA'Y S/TES:. 

Atll. VOCEl SA/~ T#/lr77/C Tec//N~ll)Cl EJ'/STS rCVI T//I.:-

I!VC/IIE~lir/ON 0";= Jt!'llSTt:' . /'/l'O/,EtL./)/,IT..S r/?(/tj /11/lJ//Jr.1' //E/j~ 

A~(/r lit: F[IJ //i!4T /7" Y/l:/liJ//'r .1ft:' I'X'1!77Cr)LT(} 

j)/S~~S£ Or 771&11 Orr AIJSc?' TAJAdS/,()/PT//77()H Fa/( 

()rr.&95~ ~/SI"OS.,9l. //1 ACCOA",tJ/Jr/CG'" W/T# £lO,r. 

/?EGtl[I']T/tNSWCCl[/). lit: YEA'Y E.f/€Nf'/J/L!'. IN A.'/)/)IT/()Aj~ 
/l1:,FEt. r 7//IJr 1')- VIIi' til. tJ . 11 e" ;0 (J tlT/ c/l Lif (//t//Cr//it)i.C 

To TA'IlI/.>r'dI?TT//F A/f/lTE)f!//JL fl;f OrT &JsE /)/S/-'OS/9L.. 

TA'/lHS/M7/tT/ol'/ Or T//I:/:1l/J7G!//:;.t. Wttll.tJ. $1:- /t1odE 

//!lZ&/lPdvs: 7H/f';V COlt! T;irY{/I/~G TO O/-'JL// /Jl!/{/-w' /7: 

I s Act; on Req I d By: Booker --- Party Above --- Other ----
What Action Req'd: ---------------------------------------

BY: 7; ... " . ~ ft 
• i .4""l>.,.,"., .J . 

. .r . - r~ I ~ . ~. U/'~~'2~~ (....;~ 0 0 t/J~-if,7 ~ 
Note: pol ease complete each item o~~~ form. 
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Distribution: ---
Engineers Architects Planners TELEPHONE LOG 

Project No: . c-c2 78 
Project Name: O!tPN/JHCE' /J/SI'OSR£. sTl/~y 

Date: Af/J( 27/183 
Time: I I ~'O 0 . AMliiIr 

From/To Company : ::rO#"v 2//V'C 

City, State: T(/L5;4, O~L/}//tAIA-

Individual's Name:) t>A'~JollffC£GIELSA'/ 
Phone No. (area code): {J/8l-77"7-/37/ 

Subject Discussed: (JIS~OS/)L ··Or ,IIA ~MtJOIJS· WAS7£.="' F"/?o/lt Itll)//JtV /I.f"~/)' 

OI!t;!VAl'/ce ·STAT/OKOFF.8/JsE"' /JT //i'/j/A7c- //V~/lST,If'YS/TES: 
,- -. _ - J 

/)/(. CI::-GIt'LS/r7 S/-J/.()7H;t:JTT//c TCC///,/tLvCy ~/fE.SE/f/7L.y 

EXISTS FOA' T#E· //V'C/#E.,f/lT/tJ/V OF . WAS'7c .. /Ao/'t;-LL/)//TS 

J=if'OA1 IN~/AI/ 1I~1lt); liE ;'JO/NTE~OI/T T/I/lT77/e /P07"/ii?j' 

/(lllY' /NCI//£7;/i7t'A> WOVi.() 1lE" 77/tAEST W~y TO 

ACIII€VI!· rll/.s: .#OWEY€£' j/E" WeNT ON TO /Q/N'T OPT T///lT 
.. ' . . ./ 

lIE FElT TA'AI/S/Wl77IT/()N//(a/iLEAf S W(i(/£~ ~/fECl.P/')E: 

OF;::.. M-sl:· ()/s/os/lL. 7J?/J/lS~6,fT/lT/W It( /lCco/lt)/MtfC£ Y,I/ii¥

~(}.T./t"C!l{,,;np;/.!' WdV(,f) .9~ Vc-ry: £:<l'ldS/"'E.Rl/N:,(~!~7 

/IE Far 7#/lT.· /T WOP{~·. Os .l'dLITICAt.l.,' . (//(/7·E¥'IlAL.1:: 

TO Tt/Y!..r/v/T TilE 111r1T.((;( Idt. rolf orr g/}sE-t)I;!'/'(S/JL.. 

Is Action Req'~ By: Booker --- Party Above __ _ Other ----
What Action Req'd: ---------------------------------------

IJ BY: .7k/~e.)!A~ . 
I] Note: Pl ease complete each ite~n th i s form. 

! (, . 
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DEPARTMENT OF THE NAVY 

NAVAL ORDNANCE STATION 

Mr. R. W. Hayes 
El Dorado Engineering 
3460 South Redwood Road 
Salt Lake City, Utah 84119 

Dear Sir: 

INDIAN HEAD. MARYLAND Z06~O 

--_ ....... """"" 
/~;.-.~ 

,f.~~<~rt D .. ~~"... . 
/!/,",'V 0 

~
c~./ ~':JCO~~_ 

" " '\j .. .,. C/) 
" UJ 

. 
,.' .... " . I-.. ,>',', ~ :;'. (f 

IN REPLY REFER TO 

OE:ILT 
6240 
Ser 67 

M~'(25'ge3 

~ 0>0 .. . ~(j;#;,.'1 
~~!!O k f: R_ ~~:#.:" 

Your 1 etter of 27 April 1983 requested an est")~ long open burning 
of PEP materials might be allowed by the EPA under the current exception. 
Enclosed is a trip report that discusses the matter of your interest in 
which the minimum period of open burning allowance was estimated to be five 
years. 

Some activity is presently underway within DOD to make the open burning 
allowance more permanent by removing it fro~Sec. 265 and relcicating it in 
Sec 264 with consi~erable more control/conditions being imposed than at 
present. 

In sum, it is my considered.opinion that open burning of PEP materials will 
continue to be allowed for the forseeable future. 

Sincerely, 

Encl: 
(1) Tri p Report 



Key 'personnel: 
Gene Crumpler (EPA) 
~~rc Turgeon (EPA) 
Ivan Tominack (OES) 

(5' 

[] Pam Clements 
"--~~~~~~~~~~~~--~--~~----~--~--------------~----~D~A~TE~I=S.~o7'~Vl=~=T--~--------~--

[JEnvironm~ntalprotection Agency 
, Washington, D. C. 

n PURPOSE IS' 

iJ I. Open BU1-:n!ng Ordnance Wa$te 
-II. Lithium Bate-er:y Im:ineration' i-j III. OESOAdvicelConsultation to EPA 

3/23/81' 

.. ~ ~:':": -' 
.-.- .. 

This OESO/EPA meeting was also designed to reestablish liaison developed during 
the open burning effort of some 18 months ago. 

[-1 I. Background. The allowance for the open burning of ordnance waste under ReRA 
LJ reli/eved some of the pressure for immediate installation of controlled incinerators. 

Somee concern was expressed by Navy planners as to determining the expected life 
I:J of 'the allowance. 

Both EPA representatives indicated that the ordnance waste open burning issue 
'-) had very low priority in EPA and unless some unexpected public outcry developed 

it would remain a low priority. Given the present administration posture 
very little new regulation is expected and then only af~er a thorough cost 
benefit analysis was conducted. Also, now that open burning is an approved met.hod, 

'_,'.1 it would be incumbent on the EPA to propose a proven alternate method. Given the 
present state-of-the-art available to both DoD and EPA, the development of a 
proven alternate method will be hard to come by. 

U Crumplex:- indicated that one of the major reasons for granting the allowance 
was the property damage likely' to accrue the size reduction of large grains. 

lJ' (We toured them through the Building 720. saw bay that was severely damaged with 
l the burning of a 110/1 grain and compared it to what might happen if a 4000 

pound grain caught fire.) 

i j Bo t h Crumpl er arid Turg eon thought that silniliar contacts as OEsolEPA 
- needed to be made at, the state level. 

II In summary, the working level at EPA thinks that the open burning allowance is 
l':J likely to continue for at least five years. 

1,]-"., U 
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Commanding Officer 
U.S. Naval Ordnance Station 
Indian Head, MD 20640 
Attn: Mr. WesPero, Code 201 

VI 
Ul 
<: 
0:: 
L:J ., 
8 
CD 

R~: InformationRequest- Chesdiv Contract N62477-80-C-044l 

Dear Mr. Pero: 

In accordance with our telecon of May 11, 1983, this is to confirm 
El Dorado Engineering's request for clarifying information regarding 
r~ferenced Chesdiv contract, the execution of which we are engaged as 
a sub-contractor to Booker Associates, Inc., St. Louis, Missouri. 
As I noted to you, we were referred to you through Mr. Bergen, Booker 
Associates, by the Chesdiv Contracting Officer Representative, Mr. Frank 
Peters, Code 114, as a source of the information which we requested from 
Mr. Peters in our letter of Ha.y 4, 1983. 

One of our contractual tasks is to propose for the PDF, additional 
modifications and new disposa.l systems, "which would enable the facility 
to dispose of 100% of the ordnance related waste generated at the 
NAVORDSTA." To accomplish this task, we need an accurate list of these 
wastes • 

We have on hand several NAVORDSTA waste listings, none of which 
are recent, and some of which are undated. Copies of these are attached 
for your reference (Enclosures. 1 , 2 and 3). We have combined these lists 
into one tabulated docwnent (Enclosure 4) which includes headings for 
the information we need. We have inserted in Enclosure 4 what inform
mation we have bean able to glean from Enclosures 1, 2 and 3, but are 
unsure as to the accuracy due to discrepancies and questionable 
currentness of the data. 

We request you review Enclosure 4 and red-line it for our use. We 
would appreciate it if you would correct errors, delete anything not 
needed, fill in any blank spaces, and mail bacle to us. If exact infor
mation is lacking, please indicate a range~ or best guess, since any 
information you give us is better than what we now have. 

Receipt of this information will enable us to accomplish our 
evaluation is a timely and professional manner. If you have any 
qQestions, please call me at '(801) 973-0360. Please send the requested 

REDWOOD PLAZA • 3480 SOUTH REDWOOD ROllO • SALT LAKE CITY, UTAH 84119 • (801) 97W360 
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RKB/gh 

Enclosure 

Booker Associates, Inc. 
1139 Olive Street 
St. Louis, MO 63101 
Attn:, Mr. George Bergcin 

RANDALL K. BOSSARD,P.E. 
Mechanical Engineer 

cc: Mr. Frank Peters, Chesdiv Code 114 
Mr. George Bergen, Booker Associates 
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May 17, 1983 

Mr. Bill Wassmund 
Booker I Associates· 
1139 01 i ve St. 
st. Louis, Mo. 63101 

RE: LITERATURE ON SERPENTIX CONVEYOR 

De~r Mr. Wassmarid, 

P. O. BOX 458 
BAll WIN, M 0 6 3 0 11 -0458 

(314) 391-8992 

Per your request, I am enclosing several items that would be 
of interest to you regarding the Serpentix conveyor systems. 

We are sending you several flyers on actual installations, a 
list of benefits, information on how Serpentix systems are being 
used in coal mining and a brochure with more detailed information. 
Please refer to page 18 for technical data. 

After revi ewi ng these enc los ures, you may want to ca 11 Ken Ress 1 er, 
with our firm for further input. If you have a specific application 
in mind, we would be happy to have'Serpentix draw it up for you. 

Sincerely; 

POHLKOTTE ENGINEERING CO., INC, 

Nicka Qui ntero 
Customer Service 

Engineered Process Equipment for Treatment of Water, Wastewater and Industrial Wastes 

'-'--~~.~.- .. --~.~-~~.---------- .---- -------~--.---- .. - .. - ------_ .... _-_._---_._._ .... _ ..... 
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Hapman Conveyor Co. 
6002 E. Kilgore Road 
Kalamazoo, Michigan 49003 
(616) 343-1675 
Telex: 224468 

May 16, 1983 

Mr. Bill Wassmond 
Booker Associates 
1139 Olive 
St. Louis, MO 63101 

Dear Mr. Wassmond: 

Thank you for your interest in Hapman mechanical conveyors. 
The literature~you requested is enclosed. 

Hapman offers you abrQad choice of mechanical conveyors and 
conveyor systems to handle a variety of flowable materials 
in the chemical, pharmaceutical, food processing and plastics 
industrie~. We have been engineering and manufacturing con
veyors for four decades and offer you experience in selecting 
the conveyor best suited to your application. 

We includ~ the name and address df the Hapman agent in your 
territory ~elow. Call him if you have an immediate need. 

We appreciate your interest in Hapman Conveyors and look for
ward to working with you. 

SiH:cerely, 

Carl Corless 
Sales Administrator 

/kls 

Enclosure: ISA #99 

CC: Sell Equipment 
100 S . Franc 0 i s 
Florissant, MO 
314-839~0230 

Cliff Sell 

Co. 
Street 
63031 

R. L. Sutton, Hapman 

A Division of Prab Conveyors, Inc. 
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PROJECT NO. 

SUBJECT: 

ORGANIZATION: 

CITY, STATE: 

Booker Associates, Inc; 
"39 Olive Street 
St. Louis. Missouri 63101 

TELEPHONE CONYEBSAT ION LOG' 

Cables: 8ookconeng 
(314) 421-1476 

P ER.S ONI TITLE: . __ --.L.~~~~~~o:::::b......c:E:::z..a::;2d~~::::!2::::..!::::::::~_:::::::~:..:......!:;.==:::::.:;:;..~ 

I NIT IATED I ,:1tECE I VEb 1! AI 1-..;. 

ITEMS OF CONVERSATION /ACTION Trr BE TAKEN: . 

------"-.--

---------------- ---.----------------
----------------------------'------------

---------------------------------------------
-----------------------------------:;::--------:.-

------------------------~;----::----+-----~~ 
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Booker Associates, Inc. 
1139 Olive Street 
51. Louis, Missouri 63101·· 

Gables: Bookconeng 
(314) 42.1-1476 

TELEPHONE CONruSAT ION ... LOG 

PROJECT NO. 

SUBJECT: 

CITY, STATE:· 

1r:~Z'1~ 

PER SONI TIT LE: ~-'A~~~.....-f.~~~~~~tL..:....-,-",;LJ~:.tLl;:.~=-..,!::::::!!':f:"::::::'\::::..!:..!:.J::.::"= 

INITIATED / RECEIVEB CALL: 

---_._-

-----------------' ---__ . ____ ~ _____ -..o....-__ _ 

----------- -----~---- ---------~-----~~---

-------------------. -. ----"'--------~-------------
----------_. -----'--~----+---~:-----==~::---

------==--=-==--------------------------.--=-::....----------.-._--._-. --.;..-. ...... . 
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Commanding Officer 
Department of the Na 
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Naval Fadlities Engineerillg Command 
Building 212, Washington Navy Yard 
Washington, D.C. 20374 
Attn: Mr. Frank Peters, Cod~ 114 

I 

! 
j 

-

Re: Information Request - Com:ract N62477-80-C-0441 

Dear Mr. Peters: 

K\ !S""''-v .~. 
',,; t .. 
, ,. ~ "l-
~ \ .. 

In accordance with ollr tele-con of April 29, 1983, this is to 
confirm El Dorado Enginee!'in{;'s. req\l~st for clarifying information 
regarding subject contract, the execution of which we are engaged 
as a sub-contractor to Booker Associates, St. Louis, Missouri. 
The information/materials requested and the reasons needed are 
detailed, as follows I 

1. Paragraph III~l of the SOW requires that-we evaluate the 
existing facilities "to include all modifications that have 
been funded." 

We need a descriptive list of these funded modifications in 
sufficient detail t~ allow us to evaluate them. I discussed 
this with Mr. David Seroskie of the Indianh,~ad Ordnance 
Department by telephone on April 27, 1983, and he indicated 
that there may be as many as 150 of these items. 

2. We need operating manuals fo= the Wet Air Oxidation (WAO) 
unit and the Fluid Bed Incinerator (FBI). Mr. Phillip Schaefer 
of Zimpro recommended that WP. obtain the manual for the WAO 
in order to clarify operation of the system. If such a 
manual is available for the ~BI, we would appreciate receiv
ing it also. 

3. In order 'to address item III. 3 of the sm.; ("propose ,modifi
cations and new disposal systems which would enable the facil
ity to dispose of 100% of thp. ordnance related waste gener
ated at the NAVORDSTA"), we ,·rill need detailed information 
of the nature of these wastes. The information required rs 
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for those wastes whi~l1 cannot be handled by the Propellant 
Disposal Facility, first and s~cond increments. We have an 
undated listing of th~se materials by name, but we need much 
more detail to be able t~ propose demil approaches. We 
need such information on ~iz€:, shape, material composition, 
vihether cased o·c not, etc. Drawings of the munitions, 
motors, metal parts, etc., would be of great benefit to us. 

4. Hr. Seroskie told me that he thought Allegheny Ballistic 
Laboratory had conducted a safety evaluation of increments 
1 and 2. If a cf:!port on this is available, we would like 
to receive a copy, to assist. us in our WAO and FBI evaluation. 

5. During our current evaluation in the ~-lAO area, very specific 
questions have arisl~n on certain devices and equipment 
currently installed. The information needed includes such 
items as model numbers, how em item is mounted, whether 
grounded or not, etc. It is information which we require for 
our evaluation, but Which does not show on the drawings. 

It would be of significant bf~nefit to the job if we could be 
put in contact with someone at Indianhead who could get answers 
to these detailed questions for us, for both WAO and FBI 
systems. 

6. Our list of equipment requ~r~ng decontamination burning s.hows 
about 500,000 lbs. ge"ilerated annually. . Is this total equip
ment weight? Also we need information regarding the expected 
physical sizes to be encountl~I:ed. 

The above constitutes our present information request. We hope 
.. ···-that you will be able to help us, and vie expect that receipt of the 

information requested will enable us to complete our evaluation in 
a professional and timely manner. 

RKB/gh 

cc: Mr. George Bergen, Booker Associates 

RANDALL K. BOSSARD, P.E. 
Mechanical Engineer 
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Booker Associates 
1139 Olive 
St. Louis, MO 63101 

Attention: Mr. Bill Wassmund 

Gentlemen: 

May 16,1983 

Thank you for your recent telephone call concerning 
Teledyne Readco cooling belts. 

~~TELEDYNE 
READCO 
901 SOUTH RICHLAND AVENUE 

P. D. BOX 552 

YORK, PENNSYLVANIA 17405 

. (7111 848·2801 TELEX; 84' 0439 

These units are stainless steel belts equipped with sprays 
for cooling the undersides of the belt for cooling of 
materials' such as molten plastics, waxes, etc. . 

We are'enclosing a copy of our brochure which describes 
these units. Also find a copy of our catalog which shows 
the general line of processing equipment we manufacture. 

Our local representative in your area is Floyd Gilliam 
Associates, whose address and phone number appear below. 
By copy of this letter, we are asking them to ~ontact you 
to discuss your application in detail. 

AKBJr:jk 
Enclosures 

Very trul,~ours, 

TETJ:)D E EADCO 
.11 I. 
I I 

". / ' 

#;: f/ ' . ,.ennan, 
. Vl.ce President 

Processing and 
Equipment Divis 

cc: Floyd Gilliam Associates, Inc. 
1760 S. Brentwood Blvd. 
St. Louis, ,MO 63144 
Phone: 314~9~1-5555 

-------,-~----- .---------------.----.-----~--.-.-~. -"~ ----c--
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Booker Associates, Inc. 
"39. Olive Street 
St. Louis, MisSouri 63101 

Cables: 8ookcon 
(314) 421·1476 
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BOSSERT GLEASON COMPANY 

Mr. W. W. Was.smund 
Booker Associates 
1139 Olive Street 

..;.llwlllfadtl~n.l.' .:...4:/wh ~'i/lCL 19 'If 

MATERIAL HANDLING AND PROCESS EOUIPMENT 

P.O.' BOX 24568 

ST, lOUIS, MISSOURI 63141 

April 15, 1983 

St. Louis, Missouri 63101 

TELEPHONE 
314/432·5240 

TELEX 
44·2576 

Reference: Rexnord Vibrating Equipment Division 
Conveying Equipment 

Dear Mr. Wassmund: 

In accordance with your request during bur recent phone 
discussion concerning your study, weare pleased to enclose 
the general bulletin covering the Rexnord conveying equipment. 

As discussed, if you develop questions concerning our 
equipment during your study, we would be pleased to discuss 
our capabilities and to further define our technical capabilities 
with this equipment. 

We look forward to hearing ,from you in the near future . 

NJG/ksc 
cc: Mr. Paul Poling 
Encl. 

Sincerely, 

BOSSERT GLEASON COMPANY 
Representing 
REXNORD, INC. 
VIB~TING EQUIPMENT DIVISION 
/.//d I . .. /1/ 

1/1 . ! ~//I .' 
:'<1:~f{.(lt;{ / t..t,LLd~k. _____ 
Newton J! Gleason ~ . I 


	Table of Contents
	I. Authority and Scope
	II. Background and History
	III. Executive Summary of Results
	IV. Detailed Task Breakdown
	V. Glossary of Acronyms and Abbreviations
	VI. Evaluation of Existing Failities and Potential Modifications
	VII. Analysis for Energy Recovery from the Facility
	VII. Water Balance Analysis for Wastewater Treatment Facility
	IX. Economic Summary
	X. Additional Modifications for Disposal of 100 Percent of Ordnance-Related Waste
	XI. Search for Alternate Off-Base Disposal Sites
	Letters of Inquiry
	Telephone Logs
	XII. Open Burning Option
	Letters of Inquiry
	Replies to Letters of Inquiry
	XIII. Alternate Uses for All of Part of the PDF Facility
	XIV. Economic Summary-Alternative Disposal Methods, Alternate Uses
	Appendix
	Appendix Index
	I. List of Reference Documents Provided by NFEC Chesapeake Division
	II. Contaminated Waste Processor-Equiptment, Process, Control
	III. Explosive Waste Incinerator-Design Analysis
	Appendix A. Letters
	Appendix B. Photographs of Typical Explosive Wastes
	Appendix C. Environmental Loads on Equiptment
	Appendix D. Utilities Requirements
	Appendix E. Preliminary Report on Composition A-5 Incidents
	IV. technical Paper-Pollution from Open Air Detonation
	V. Technical Paper-Open Air Detonation of TNT
	VI. Excerpts from TM 9-1300-277 Decsom and ARRCOM Demil Capabilities 
	VII. Cost Estimate Back-Up Sheets
	VIII. Miscellaneous Calculations
	IX. Miscellaneous Communications

